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SETTING OF THE PROBLEM 
By !WBI;UT W. Weull 

Th(' principles underlying the Pl'ogl'aIll of stalHlard iza tion of cot­
ton quality of the Department of AgricuLture arc predicated upon the 
relationships which undoubtedly exist lwtw('('n tIle properties of cotton 
fibers and their spinning behavior or efficiency, on the one hand, and 
between the properties of cotton fibers and thl quality of the yarns and 
fabrics manutactul'ec1 from them, on the other. Presumably, mnny 
different fiuel' properties ai'l' cOllcel'lled in quality. Practical stand­
ards have been prnmulgated, however; only for length of staple, for 
grade, and for' preparntion of long-staple ('otton (46,1 5f, 5:2).2 That 
the staple and grade standards, so far as they go, have proved them­
selves to be of much selTice is evidenced by the faet that they are now 

'1tulle lIumuPl's ill pUl'rntlll'HI'S ['"fer to Vjl'rntul'!' c"i tC'd , p. fiu, 
, UN[TED STATE~ DEPAIITMlllN'l' OF' AOIl[('ULTpllm, 13U1lE.loU 0[' AOII/(,U[ll'U1I.lo[, ECONO~I!CS. 

gA~[)I!IJOK ~'Ol! I,[CE~SE[) (,L.loSSIFlbJJlS (Unit~u stlltes cotton Stulldards Act). au pp.
Wasl1lugtoll, D.C. rr.fIm('ol-(l'aplH'd,j 

W8S! 0 -34--1 1 
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in common use not only throughout this (,Olll1tr~" but in e\'cry other 
country of the world wlwrl' AnH.'l'icall ('ottO]] is lIsed in large quantities. 

"Because of the lack of scientific data upon which to base an accu­
rate system of cotton classification and of the probable time it would 
require to obtain them, the original basis of the standards and of 
their graduations necessarily was sought in the pxpcricnce of the 
trade, and in the capacitips of prHctjcal ("otton jlHlgps to l'ecoguizp 
quality variations, Although I'elatiolls of staple length of I'a \Y cot­
ton to the strt'ngth anel fineness of yarns are genprally J'l:cognized. 
they are npither thoroughly understood nor mathematically evalu­
ated.a Studies haYe been ma(lp by 'Villis on the relation of the grade 
of cotton to its spinning bl'lur\'ior. yisible waHte. yam properties, and 
fabric quality (55), but only fraglllentary infol'matioIl of an experi­
mental nature is available on the relation cf quality of the raw cotton. 
as indicated by clnssificaboTl, to w('aring quality and serviceability of 
the resulting fabri('s, 

It was this ne('(1 of ~ueh tt'('hni('al (lata that prolllptecl~ in 1928, 
the beginning of a c'oopel'utiw ('£fort lwhw(,ll tIlt' Bureau of Agri­
cultural Economi('~ amI the Bun'all of HOI1H' E('ollomics to make 
a more eomplete ~tu<ly of ,,-hi!.e ('ottOJlS f'ple('ted to re.~)l'esellt a 
relatively wiele range of gnHle!-'. It sN'llled dl'sirnblp to 1.now not 
only the properties of the 1':1\\' cottollS. their behaviors cll1l'ing sub­
jection to the man II fa('turinp: lw()('psseH. aJJ(I tlw quality of their 
yarns and fabri('H but alHo tIl(> reae·tion,,; of thp fill ishp(( prodll!'ts when 
HubjC'etpc1 to H('ITi('(', In ulldel'inp:. a lIel ir(lll i np:. SIH'eti ng was rhosPIl 
be('ause of thl' rplatiw ~impli('ity of its ('(JIl~tru('tion and til(' possi­
biljties of giving it uniform and ('ontl'olkd HNTic('. 

The initial stud)O I'PI)()l'tt'd in til is bllllpt ill has Pllllml('pd Ameri­
can upland 'Yhitp cotton from tilt' T('xns a rea. ('rop of 1928-2!l. 
representing, according to the rn iY<'I'sn I Stanclards. n balP of each 
of th(' grades of Go()(l Miclcllillg. Mid(lIillg, and Strict Good Ordi­
nary. and, according to tll(' olli(·ial ;,tnplp typps, approxililatply 1 int'\) 
in staple length. Tlw »1'0('('(lurp l'llIploye<1 in tIl(' IlHlllllfa('ture of 
the sheeting and tIl(' o!Jst'I'\'atiolls ppJ'ta ini ng to the b(>]1ayior of tIl(' 
cottons during malltd'a('iuJ'e and to SOIlH' properties of the raw ('ottOIlS 
and of their interlllP(jiutp pro<1uct;;~ yurns. and fabrics are prpspntp(1 
in the se('ond part of tl1(' bulletin. The studips that deal with the 
serviceability and the resistan('p of the fahri('s to ironing conditions 
are reported in the third and fourth parts, r('spectiYely. 

THE l\lANUFACTUIUNG PROCEDFRE AND SOME PROPERTIES OF 
THE RAW COTTON, INTERMEDIATE PRODUCTS, YARNS, AND 
FABRICS· ' 

J:y 1I0H.H'I~ II. WII.LIS ,'In<l Rom:II'I' W. WEHIl' 

In the Fni,"PJ'Hal Rtamlnrdo.; for grad!'s of ('ottOIl. tllr('(> plt'l1H'nts 
of quality, nanwly. ('oior. leaf nncl otlwr forpil-rl1 lllatt('I'. and pl'C'para­

3 WEBB, R. \\', "O'I'TO~ Ql·,II.ITl': WI!.l~' no WE KNOW AI'~'lUT IT? U.S.DcPt,Agr., 111 liS. 
lOaa, [In prC'pnrutioll for Ii multl::rllphNI pnbll('ation.) 

41'II1S sludy i~ II pUl'l or titp [H'o/(I'aln of wOl'k "I' th,' IJi\'lsioll's ('"lIoll ["Wity und Stu lid· 
nrd!! Rpsl'llr('h Sv~tion 11011' tIIHI,,!' tl", tl'll(lPrl-l1lIp of R. W. Webb. 'rill' yums Oond sbeetlngs 
were mHllufnt't"Urfl(] ttl tlw 'l'(lxtll" He1wol. Clt'tllf;oll Agl'j("ulllll'al ('lIl1(l~p, ~.(' •• with tcxtih-' 
fuclliti('s IlIlltll' 1l\·llllnIJI!.' [0 tit I' [ll'plIl·t'III'Jll "I' A!.:I'i!'lllll1l'p b,l' tl'" ('ollp;.:<, Ihl'lI\l~1I ('(lIlpera" 
th'e nrrang-fllll'nt lind llIHh'r til(' SlIllI'l'l'lslllll of II. II. \\,lIlix whll" in <'illll';':" Ill' t1l(' HI'elloll's 
~[)innin,:.;- ucth~itj(t~. 

"APlll'<,('lnlioll is ('xprl'~M'd til ~I. l~. (';lIl1pll('II, 1'. (;. (nll('~pil', W. II. (:mr, .1. ,J. Brown, 
and F, R. LogOon, or the sp[lllllll~ InlJomtol'Y, for IIs~18tnncc rendered nnd to members In 
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tion are considered (4!i, 5/, 1)2 r.). Tlu: possible. instability of color, 
the graduations of the three factor ranges, and the pitch of the 
different scales give rise to a number of fundamental and practical 
problems. Some matters of major interest. for example, are the im­
portance of color; the degree to which differences of color in raw 
('ottons reflect themselvps through manufuctured products in the 
gray, bleached, and variously dyed states; aml the nature and extent 
to which the grade standards furnish a preC'iseilldex of the manu­
facturing utility of a cotton, other things being equal, with respect 
to staple length and character insofar as the present coucepts of 
these quality factors are concerned. It is recognized. however, that, 
i~ additioJ? ~o the qnality of the raw cotton emplo}red, the org~niza­
hon, conchhons, and procedure of manufacture, the constructlOn of 
the manufactured product, and its intended purpose constitute other 
technical factors which, in v:!rious ways and degrees, may influence 
the quality of resulting cotton goods, the cost of their manufacture, 
and the evalua60n of the quality of the raw cotton. 

In an effort to furnish comparable mate·rial and data as a back­
ground for assistance in determining the importance of those quality 
('lemel1ts embraced in or assoeiatecl ·with the grade standards, three 
hales of cotton selected to l'C'present a r?latively wiele range of 
grade'S for so-called "'White Ameriean upland cotton" have been 
manufactured under ill(' be~t C'ontrolled alld comparable conditions 
available and have been stuclie(l with respe('t to certain fiber, yarn, 
and fabric properti(ls. A df'sC'l'iption of the materials, conditions, 
and proCedUr(l ernployf'cl in the experimental 11l111lUfaeture of the 
sheetings and the. information obtainpcl from those studies are pre­
sentpd hel·e. 

MATERIALS AND "METHODS 

SELECT[();>; A;>;Il EX.UI [;>;.\'1'10;>; (IF THE COTTONS 

Since portions of each of the three hales finall}7 selected were to be 
manufactured into a sheeting. it was desirable to select cottons of 
such charaetpr and staple as to conform as closely as possible to those 
used in greatest quantity -for sheeting. Inyestigation showed that at 
the time of this exppriment. as a rule, a "hard" cotton about 1 inch 
in staple length was used. Three bales of approximately the same 
staple and ehnl'aeter but rI:'pn'senting three different grades were 
purchased from a loeal market at HOllston, Tex. Care was exer­
cised that each bale within itself be as nearl~T nniform as possible in 
ch:l1'llcteT. lenf, fnl'l'ign matt('l" preparation. color, staple length, 
and regularity of fiber It'ugth, as dis('ussl'd by Palmer (45). To this 
(lnd. each uull' wal' " fa 11 11('(1 " at tilt' hend (b~r J't'll1oving the tir near 
the top end) and the lint was ('xnmil1t'<l ewry 3 inche(-; for llniformity 
of grade, staple, and dtaral'tl'l'. 

At tlH' spinning laboratory when tht' hagging al1(1 ties Wf're rl'­
movP(l from l'lH'h ('ottOIl n lal'p:t· sample was taken from near the top, 
middle. and hottolll of en('h of tll(' thJ'('e baIt's in an ('ffn!'!: to obtain 

other laboratorif's of th(' srct!on. RPI'('if!caIIy to Dorothy Nickerson for brilliance determi­
nations, spectrophotometric IIl!'URUrI'UH'n ts, and Ilsslstunce in revising thl) munuscrlpt; to 
A. C. ,lOIlI'!! fCII' Il'ngth 11I""RlIrl'Ill"lIt~; tu gttll )',,'11 /lnd II. B. Hichllrdl'OIl for ynrn, rubric, 
Illld moiHtllrp (('HiS; 1111(1 10 ('111'1 M. ('Olll'n<l for slIj!g!'stinnH unu n$~ishlll"(' ill revi$illg the 
mltlluscript• 

• UNlTEU R1·A1'IIlS DEl'AIt'fMEN~' Oh' AGRIC'Ulll'uJtm, B[lRmAU ()l> AGRlcur1ruRAL ECONOMICS. 
See footnote 2. 
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three samples that would :furnish a true and comparable basis for 
study of the different cottons. These samples were submitted to the 
Appeal Board of Review Examiners of the United States Depart­
ment of Agriculture, Was'iington, D.C., for classification. The 
Board found the f>amples to be of Good Middling, Middling, and 
Strict Good Ordinary grades. respectively, the Middling sample, 
however~ having a slightly 'rougher preparation than the other two. 
They called the staple length of the Good Middling and Strict Good 
Ordinary samples 1 inch, but two times out of three they called the 
Middling sample 1 1/32 inches, the other time 1 inch. The board 
found the samples to be regular with respect to staple, medium with 
respect to body, and normal with respect to strength. These desig­
nations represent average characteristics. So far as the board is able 
to determme, the samples from the three grades did not differ from 
each other with respect to any of these character elements. The 
cottons will be identified in subsequent tables not only by their re­
spective grade designations but also numerically by the positions 
of each in the scale of the nine grades for White cotton beginning 
with the highest grade. 

It is evident from the aboye descriptions that cottons representing 
a consi<lernble ranp:e in grade were obtained. The finding of the 
Board that the Middling sample was slightly longer was confirmed 
by fiber length arrays. As shown subsequently, howev'lr, this dif­
ference in length, because of its small magnitude, could not have 
accounted for much of the relatively bigher strength of the products 
from this bale; nevertheless, these slight differences well might be 
kept in mind when considering the results from the Middling bale. 

Color measurements showed that, in comparison with a set of 
averages of nwasurements for the nine "Thite grades of the official 
sta!ldarc1s of the United States, the Good Middling bale was bright 
hut not creamy; in fact, its color was close to that 01 a bright Strict 
Midclling. The Middling bale was creamier than the average and 
near the upper range of this grade. The color of the Strict Good 
Ordinary bale was dose to the awrage for this grade. 

MANUF.ACTCRING CONDITIONS .AND PAl!nCULARS 

In general, the ol'~anization and machine speeds and settings were 
the sarrw for the threc <'ottons and ('onforl11 to those customarily 
llsed by commercial plants for the HialllIfactul'e of sheetings. 

'When the ties and bagging had been remoyed from the bales a 
quantity of cotton from each was weighed and passed through an 
opener. These quantities were then placed in separate bins and 
allowed to condition for at least 21 hours, after which they were 
reweighed and passed through the following machin('s: . 

J' • , • {BreUker pickel'.Ilckel 100111-_____________________ --". FiniRher j)it'k£>l'. 

CUl'd,
Curel room________________________ .. __ Drnwin/-i frumes (two processes).

{ (tovlng- [I'umes (three process('s) . 
. Spinning roolll________________________ Ring- spinning" frame. 

For the manufacture of the sheeting, two counts were spun: 21s 
with a twist mUltiplier of 4.50 for the warp yarns and 26s with a 



YARNS AND SHEETINGS FROl\I THREE GRADES OF COTTON 5 

twist multiplier of 3.75 for the filling yarns. For comparative pur­
1Joses. 21s warp yarns also were spun with twist multipliers of 4.25 
and 4.75. In addition, 28s warp yarns were SPUll with the same 
3 twist lllultipliers to provide further information, since cottom.; of 
this staple ll>ngth are mmally conside\'N! suitubh· TOI' COllnts ill this 
range. The organization, spe(lds, and sl'ttings l'lllploYl'd fo\' tilt' 
llHLllufaetlu'p of l'aeb of tilt' til 1'('(' s('lc'dl'd ('ollons illt(; ":ll'll HI'!' 
l;how!l ill tablp::; I alld ~. • 

~'Al!l.E 1.--()rUOlliZII/iOIl IIl1a NP('('d,~ of II/tlchimw ·It.~('d ill Oil' Ilimil/radl//"(' II/, JlII/,II.~ 
frum th( ;j ••<,Iec·ted c'utl()II.~ 

:Mnchine Orgllnizutioll Speeds 

Weight I per Daub· 
,'a~d or ling Dmlt Feed roll Bellter Fan Blows per 

inch 

~- NU11l.I-A-TU-.'-1l-.I-~~--I------ ------1------

Pickers: OUlices bt'r b<r R.p.lIl. R.p.11I. R.p.11I. NumberBreaker•..••___ . 13.75 ....•. __ .... 14.0 '977 1,327 7.4Finisher. ______ __ I L 00 4 5.00 n.5 , 1,3ii 1,408 45.0 

Lickerin Cylinder DofferI 
I 

I-------·-----I~-~---
Grains R.p.m. N.p.m~Cards. _____________ • R.p.lIl.

4U.O I 104.62 4tH 168 10I 
Front roll ('nlendar roll 

Drawing frames: R.p.lII. R.1l.1II.First ...•._____.. 47.5 6 5.81 305 2iHSecond .. __ .._.. .! ~9.0 6 5.S2 36/l ~5

I 
'I'wist setting 

._--Front roll Spindle 
'l'urns per Multiplierincb 

Roving frames: lJanks R.p.'11I. Rop.III. Sll 111 ber lVltllllu:r!:illluber......__ . 0.736 4.33 181 620 -0.92 1.0.Intermediate.... 1. 95 5.30 liO 963 1.00 1.15Fine._ 5.50 2 5.64 132 1,360 3.0U 1.32 

Spindle F"ont roll 

3,;5 4.25 ·L50 4.75 3.75 4.25 ".50 14.75 
'['.111. 4 'l\IIl. '1\111. 'I\U1. '1\111. 'ft.lll. '1',IH. 'r.tH. -- -'-1-­-~~ 

Ring spinning
frames: 

Warp ~'urns: COlln/.s R.p.11l, R.1I.11I. £l.p.lII. R.p.lII. R.p 111. It.p.l1I. R.p.lII. R./J.IIl.
~"'ranle A "3 ~ ... 21 2 7. f>4 ... .... 9,500 0,500 U,500 150 1·15 13S 
Frame H 3~ •• 21 2 7.64/ .•. _....... S, .,00 128

.FilIing yurns •..• 2 0.45 6,200.. ... 103 
Do....... . ~I 'J 10• 18 U 2'i0 -g,250 9.250 laa i"" liS- 1 .••. " 

, Porcupino beater. 

I 2·blnde beater. 

3 Frnme A was used for the spinning test yarns and approximately baIr tbe warp yarns. Frame B was 


nsed for the remainder of the warp yarns. 
, 'l'.m.=twist multiplier. 
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'l'.\I:J.~: :~,~ ~''{f'IIi/lf/N of /1/(' mUdlil/l'N nNI'/l, ill flu' 1I111111/./(/('{III'(· (If !JarilN {I'III'" 
{Itt' .J ,~('{('('I(',l (,,,t/Olls 

:-'[nl'hin~ 8etlin~s 

Oritls fruUlF,'pd rollin (Irill:; from iwaterlwah'r lJt.lu~(·r 11(1)' 
IhultUlflJ 

I Im'htN, 1 11t('I/I·"I 
fJlr~!lkerl)i('ker,., ~""-"" •••••• - .• ,.- ..... -.- . .,, ~ ~''''I I 

Pini~)H."r Jli(·k('r~ __ .. __ .. ~_" __ ._~ ______ • ___ .. ___ .-- .. - .. ~--- .. -.- ~~ ___~ii:______~~~' llih 

(lllye I 
Fee.! plate to Iirkerin ~ 10 
~lote knh'es (top)" ~ ~ Jii 
Mote kllh'es (bolt om) J2 
Lirkerin to ('ylinoer _ "_" ~ ~ 7 

I Bilek plnte 1.0 rylinder (toP) 211 
, Burk plate \0 rylillller (hoWlIU).. ;1" 

Fluts to l',-liuder (huckl !I 
FInIs to l'ylin(\rr (centerl V1 

I
Flnts to eylin(\,;r ([ront I ~ ~ (I 

~ d Front ph,te to c\'lintler (topl . :!II',ar s........................................................ Front plutl' to r)'lino"r I bottom) 
I IlofTer to ('ylintler . ~ 

at 

. Dolfer cOlJlb to dolTe", 
Li(,kt>riu'R're.n ([ront) 
Liekeriu s('reen (burk) ~ 
<'yliudl'r s('r('('tl (lJlwk, 
Cylinder ~(lrt'(~u «'l'utltn _ 

Jllcll[Cylinder St'rrrll (front) .~ I Ii 

I------,-----·--~ ~-

lnclle,' l/lclle~, 1nrll.' 
First and second drawin!: fmnws ........................___ .. P-i trw 

HO\'in~ [rumes: 

Siubber . ~". 
I!!tenllcdinte 
l'1ne __ " _ 

/?pinnin~ fn1Jn;~$: 
For Mirldlin~ cotton: 


'fop rolls ~ ~ _.... ' ~ .... ~.. ' .. ' 

BOllom rolls.. .. '" ,~~ .. ~, ~ . • ..... 


For tlllotl :-'liddlinj( nnd t4trlel no()(1 {)r(\iunry colton: 

'I'op rolls 

Bottom milL 


I Tholl~alJ(lIh~ o[ nn int'h, 

2 :\lensured from ('litHer to c(lul£'r of r(JI1~. 


The foll<nying macIJinps "'C'I'E' uRpd to pl'E'pal'(' tlip warp yarllS iOl' 

wp:t"ing: ,Yin(]l>l', ",11']1pl', and slnsher, 
Inasmuch as the anlilable laboratol'Y eqllipment was !lot of a Rizl' 

to ppl'llIit thp warping Hlld slashing of tIll' YlIms, tll('s(' 1)I'o('('sses WPI'P 

t':trril'd out by a ('OI1\IIWI'('ial plant.' 
'flIP shppj i Ilgs "'PI'P \\'O\'l'1I orl n Il 8~-ill('h plain loom, making 101:) 

picks Ill'I' III iIIl1tl', '1'11(' following :'q)('('i fit'at ions Wt'I'l' l'ol!o",pd as 
elo!'ieiy u::; possibll' ill IlIH king tIll' gl'Hy sIiPl't i ngs: 

Yn rIlH~;!l H wa I'p :111<1 ;!(is fill i 1Ig- (sing-Ie ,I'a I'ns). 

('()lIstt'lt(,tiol1--n~ lI':\t'PIIIHI (H tilling- (ht'putls jll'rin<'il, 

Wi<ltll-72 inl'li(''', 

,y"ig-lit--- I.IIJ liuPllr ,1':ll'lls Pl'!' IHllllltl. 


7 Acknowlf'tlglllPI1I Is 1I1:1<\(' 10 ,r, H, ('1:0'11, "IIPl'I'llIt{'II(I('lIt of f\Pllul'tll Cotton ~[!lIs, Wul· 
hlillu, ~,(',' fQl' ~('r\'lc('s r"'l(lerco In prepllring' thl' Wllrps, 
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The treatment giyen the fabriC's at the finishing' plant ~ was as 
:follows: Kier boiling with 3 percellt raustic soda solution at 30 
pOllI1ds steam pl't'ssnJ'l'; souring with tlll'PP fOlll'ths to 1 percent snl­
])hul'ic acid solution, chemieking with Ollt' i'olll'th of J pt'l'('ent ttvail­
abJp chlorine sO/lltion. tllorollgli washing pI'ppal'ato!'), to finishing: 
,,'ntpr manglillg. sbu'C'h IIlUngling~ d!'ying. dnlllp(llling, ('a/endering, 
and lI1ul1l1fu{'turing into "heets, 

The ingl'pdi('nts 118('<1 ill tlip stul'dling olH'l'ation ('ollsistpd of a 
('oJllbillatjoll of ('Ol'nstan:h and a sapollilied tnllow SOf(Pllillg llIntel'iul. 

During tlw mHnllfadllI'P of tIl(' tln'('\' cottOliS at till' spinning and 
"'PHying InboJ'atori('s, tIl(' l','/ntiyc hllmi<lity was lipId. ;IS IlPurly C011-

Htant as possible by fdcans of an HutoIllatienlly ('ontl'oll(,d humidify­
ing systelll in ('a('h l'oom, Tlw nppI'o(ll'inte humidifying \wadH WPl'e 

tUI'IlPtl on 1 01.' JI1Ol'e hOllI'S bpfOl'(' beginning the clai/y olwration of 
('ach macliinC' and tlwy were allow!'d (0 opl'l'at<" as gm'C'l'nc(l by the 
('outrols. until the end of the \\,!ll'killL'; da Ol' tlw tilll(' whell the 
lllllC'hilH'S WPl'e stopppd, Thp ('ontI'olH \\'('1'(" ad,ills(p([ to maiJltain ;j() 

lH'l'('ellt ]'platin' humidity ill tI](' pi('kpl' 1'00111, (iO 1)('I'L:('nt ill tbl' (,lml 
],OOIll, 70 I)(']'('(']]t in till' spinning L'O()lll. and (iT Pl't'('('nt in the W\:,ll\'C 

I'OOIlI. Although tht' I'elatin' hUlllidity l'lllploYl·d in til!' wpa\'e rOOJll 

wa" slightly \UWl'L' thall that llHually adoptl'd by toIllIJl('I'('ial plants, 
thl' l'(>('(Jl'(j::.; show that til(' llllllllJ('I' of sto(1pagl's fot' bl'ok('n wat'p 
<'IHls was fOl' tilt, llIost p:lIt "pry low, III this ('art'. tIH't'('/'OI'(\ it waH 
!lot llP('PSsnI'Y to nlnintnin n hi.!.d]('l' l't'latin' hlllllidit,'" DnI'ing till' 
lilalllifadun' of tIl(' YaI'lis. hOlll'l\' I'P:ulilll-!:.-; \\"{'l'(' mad!' of \\'Pt- alld 
dl'y-IJII[IJ tpillpt']'atlll'~:;; l\S L'Pc()I'd(';1 by pS~';'III'()nl('t('I'S, lo('att'd in pal'll 
1'001\1. f)imilnl' ObSt'I'YHtiolls \\"('I'P mad!' ill thp Wt'an' l'OOlll by III('al1;; 

of a sling ]JS,VChI'OIlI('{PL'. The Il\'('l'ag<,s of (hI' dry-blllb !('mjll'I'atlll'l';; 
so obtai!l('d. (lip PPI'('pnta! '('S of I'pbtin' Ilulllidity calculated frolll 
tlH' tl'lll])(,l'atnl'p I'padillgs. llnd tllp tilllt' l'!'fjl1il'pr! 1'1)1' ]lrll(,pssing :\1'(.' 

showll ill table;L Tlip ]'pgaill d<'tl'l'lllill('d fo/' sallip/ps of ;;(odc takpil 
at tiH' YHI'ious lllallllfadul'ilig jln)('l'SSPS is :-110\\'11 ill tablt, ,I.• 

'!'AIlU; a, -A.n I'orr·' of Ii 0 II1'1 If rC(/(/ill!IN of rOOIl/ lelil/}(Tllfll/'(' (/1/(1 or IJI'/'('('I/IOfJ(! 
Of r('/II Ii l'f' i1ltllliditlJ (illril1{J JJfI)('("~Niuf'. (/1/(/, 1llllllbcl' at Ii(illl''' /'('f]ltirc(/ foJ' 
('(/f'" tllP!' or II/III'//i//(' 118(t! in ///(' 111 1111 II/cwl II/'(' of .~/I('(,/iIlU fmlll lite ,J ,,('lcetl'll 
('()ltoll.~ 

-··---------~-I: -(-,O~;\ljdd;:;!-:I~:(;lin' (~o ') I~~n':1 n(}~d (.-~:•. ----­
(:0;0. :l) '. ~, .,' nnry (:-I (). ") Time 

:Machinc roquir~d

1'I~eItlPe"~II{(~li~~'l Tem ;l('r, ;~l~;~t'~: I~;:;'II;'-,- -I~l~:;~~ rl~.~!l~~C-
,~, I alllrl' humidity :tluro lhumirlh),. IllUrc hUUlidity

------I------j. . '----[--1,-- "­
o ,,_ !!'ereOlI "r. 1 l'crr(1,1 0 v, f'HCf1l1 /Iou"

71 51 ~I iii 7;j 50 .,f~i';,ifc~~-:~-~== .:::::::::::::. :~- 7n 51 II 51 72 fiO (j
Card ...... __ . _____ ._. 7:1 no 71 liD -" fi() m 

cI'rnwiuj! [ramo ".. ,~ ~ •••• ~ 
!lo,'in\( (rarne ' f;~ /' :m f~ gg t~ I :tg AY
HpinniIlJ,tfrumcJ_c ~"" .. ~.~.~- 72 70 7L 70 72 i Tll 1:\ 
1,00111 fa on so 6S M I 117 IOU 
--.-- --.----~---'-------'-

1 .,A vcrn!!~ [til' 2 \Jr(J(,(~!,O;:(l.s# 


'A vern!:" (0" 01 honk,. 

, A "Cr:1J(I' for hUlh COUllts of ~"l'u, 


1i.l\PPJ'I'('intioJl Is t'xpJ'p,\oifwd 10 H. :\1, FpS:-O('JHlpl1, 1.WllPI':l1 IHtlllngf'l\ :uul ,r~ 1'\ OC10Ul, g'(lu. 
Hill l\1I1l"rini('llllpllt, or: [l,l' Hn.yll'R BlItllln"" Bh'll('h("'It·~. ll!1t111or.., ;0;,<,,, 1'01' COOPCl'll11011 
extended In flnlsl1illg' the i'llbri!:8 Hud nll,I,Ing- lll\' SIl(,I'tS in Sl'pt!'llllJl'1' W2U. 
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TABLE 4,-]>ereclltfl!/(, ot moistnre rega.i.n in sam]J/es la,ken a/ different /J/'oeeS8e,3 
ill Ihe IIIllIIn/lwture of .~h('etiIlU {rOln the il ,~ell'ctc(l ('ot/ons 

--------------------r-----~-.----- -- ­
~roisturc regain 

Kind of sample Good 'f' ldl' Strict Good
Middling ,. 1{ 109 Ordinary 

(No.3) (No, 5) (No. R) 

---------------------I-~----·---I----
Percent Pace1It Pcrce1l1 

7. r,1 
Uaw stock (bin). _.............. ____ ....... __ .. __ -............. -- 6.67 7.R2 4.R7 
Breakerpickerillp ... __ . ____ ..... -- ...... -......-- .........-- .. 6.44 7.:t'i n.50 

Finisher pirker Jap__ ..... __ .. __ . __ .. --.-- -- ......-- ....... . 


HII\\, ~tock (bale). __ .......... __ •____ .. ._ ........ --- ... ----..... -' . n.as 8.411 


0.89 6.78 {i.fi5 
6. ,;0 6.:10 fl.oa

g~~3 ~IU~~r 'I=~=: ::~::::.:::::..::::::::::::.::.:::.. -: .:::::::::::: n.61 6.55 5. :15 
5.88 6.84 5.97

~i~~\~~~~~i~~e\~i~i.... :: -::::::: ::::::::::::::::. :::::::::::::::::::- G.78 5.119 /i.16 

Hoving in sTlinning creel '. -- .,.-- --. -- .................. ·--------·1 7.50 7.73 7.04 
Yarn 2. _." _ ~ .. ~ ". _____ . _. __________ ......... _ .. _ .. ___ ... __ • __ .. ____ .. ~ ____ ._ 7.88 7.99 7.44 


1 Avera!!e of 2 samples.
, A ,"erage of 2 samples reeled and weighed immedintely. 

METHODS 

(1) Moighu.'e l'E'gain: Sampies weig-hing 20 grams cach were taken 
at the bcginning and at succesgive stages throughout the manu­
facture of the yarns, These samples were dried to a constant 
wei:rht in an oven nt 221 0 to 280 0 F. according to the methods 
l'Pcolllll1cmled by the American Society for Testing Materials (3). 
The regain is obtained hy expressing the loss in ,,'eight lUi a per­
l'cntag<' of the (11',\' wci:rht of the sample. 

(2) Fibe!' length: Samplcs from the raw material and from. 
the PI'Odw'tH of sue('eHsive stages of nHlIlllfaetul'c were sorted ac­
('ording to len:rth on the Sutcr·\VeLL sortel', as described by 'Vebb 
(.;.i). alld til(' IplIgth nt the 25-perc'ent point in the cumulative 
weight.\ellbrth array, l'l·ading from the longest fibpl's, was used as 
a basis foJ' compaJ'ison. The n'sults obtained by two or morll 
sortings WCI'(' aYCI'H:rcd. 

(:-3) Pl'l'('entage of waste: At each mallufaeturing pr()('pss in whil'h 
the l'l'lIIO\'a\ of WHstp iH oit pl'imul'Y ill'lJOrtallc{', wcighings wcre 
made of stock fpd, Hto('k dd;yered, and each type of waste !'cnlOved, 
Frolll thliHe data the jlPl'e('ntagt's of waste for l'a('h of the thl'f'c 
lots of ('otton were calculated. The small lliscrepauey uSlially Iloted 
betwl'1'1I tlll' wdght of stock fed and the sum of the weights of 
stueie deli \,(~l'cd alld waste l"('covered is accountcd for by illvisible 
JOSH or ~ain. Such losses or gains usually contribute so small It 

pl'l'celltag(' of tlH' waste contellt of cottons that they may be regarded 
liS !'p\ativPi,Y illsignificant, 

(4) ~tl'l'llgth of yarns (skein): 25 sample bobbills of each twist 
lind lllllllbl'l' of warp ,Val'll sPlln \\'Pre liSP!! fot' strcngth and size 
tl'sti:i,1l Bkpills of l~O Ylu,tlH (:'ll~h were 1'<:,('\('(1 from thc bohbi1ls llllcl 
allowed to condition' for at least 3 hours in an atmosphere 
of 65 Jwrecnt rplati vc hllmidity at ,700 F. Each skpin was then 
hl'ok{,l1 011 a Htandard type, motor-ell'! V('II yam testp!' and sized 011 a. 

"TIl\' t('Ris were llul(lu In the lubornl.orlC$ of the Dlvl~lon of Cotton Mnrl<l!tllIg nt Wush· 
IlIg~Qn, D.C, 
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direct yarn-numbering quac1mnt.1o Since it generally is impossi­
ble, for a number of reasons, to spin a specified size of yarn, the 
breaking strengths were adjusted to the specified size according to . 
the usual custom by assuming that, within small limits) they are 
inversely proportional to the size. 

(5) Strength of yarns (single strand) : Five bobbins each of 21s 
and 28s warp yarn spun with a 4.50 twist multiplict· from each of 
the three lots were conditioned for about 4 hours in un atmosphere of 
65 percent relative humidity at a temperature of 70° to 73° F. 
Approximately one hundred and fifty 12-inch lengths of yarn from 
each bobbin were broken successively on a Moscrop automatic single­
strand yaJ'n tester. 

On thiH maehine a 12-inch strand of yarn is grasped at one end by 
a movable jaw, the other end being attached to a calibrated spiral 
spring. Tension is applied to the yarn and to the spiral spring 

26 

16 

5 15 25 35 45 55 65 75 5 15 25 35 45 55 65 75 
NUMBER OF TESTS NUMBER OF TESTS 

FIGVI!f: l.-S(,,,tlon of Moscrop c1l1lrt showill/; str,~ngth or sill/;Je-strand 218 yurn, 4.7[;
twlRt multiplier, spun frolll the s('Ie('ted cotton of MIddling (No. 0) graue. 

!lntil the yarn breaks. 'Yhen th iH oce\ll"s, tIl(' maXinlllTll elongation 
of the spring is recorded on a chart by m('ans of ~L needle point which 
pierces the chart, the results being ["(~ad directly in ounceH. FiguJ'e 1 
shows a section of the type of ehart IIsed in connection with this 
rnaehine. 

In this test the data l'(lcorc1ed on the ]wdoratec1 chaIt W('I'(I lah'l' 
aSHelllbled in tabular form, and the average strength of varn of each 
lot was calculated. The averages thus calculated were conected for 
the exact yarn number (21s Of" 28:-;) by assmuing thut, within their 
ranges, the strength of the yarn is inversely proportional to the 
count. In making the eorrections the average size;.; of the 25 skeins 
of 21s and 28s yarn, respectively, spun with It 4.50 twi!-lt multiplier, 
wm'e used. 

,. Wh~n the balance does not Indlcllte the slz .. dIrectly, the yarn size or number may be 
,,,,lculllted from the formnlll: 

Lell!(th in Yllrds 
of single Yllrn ',(JOO (graill~ In I poulld)

Yarn ~Ize or number W"lght In grnIn8 XH40 (rlll'<!s pl'r hunk of ('otton Yllm) 

http:quac1mnt.1o
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(6) Brilliance: Measurements of brilliance were mnde on the raw 
material and on products of successive stages of manufncture by 
means of It Kl~uffel & Esser disk colorimeter. The instrument and 
the method have been described by Nickerson, (.41,42,43). Briefly, 
it consists in so adjusting the area of n, set of four cobl' di.sks that 
the light coming ft'om them is ('qual in hue, brilliance, and chroma to 
that coming from the samvle. The colors from the (lisks are mixed by 
a rotating priSI11, and adjuHtment is facilitated by comparing the light 
from the two sources on adjacent half-circular fields. The expres­
sion of brilliance is made in equidistant units from black to white, as 
illustrated in the Munsell Book of Color (38). 

(7) Spectrophotometric measurement: Spectrophotometric meas­
urements were made on a Keuffel & Esser color analyzer, the reflec­
tions at different wave lengths being expressed as a fraction of those 
from II magnesium carbonate block, as descl'ibed by Keufi't'l (;f1). 

(8) Tensile strength of fabrics: Fifteen samples of fabric were 
cut warpwise and 15 filli11gswise from both the gray and the finished 
fabt'ic woven :1'01' each of the three cottons. Three samples, each 
approximately '7 by 114. i Hches in size, were ('onditioned overnight 
in an atrnosphem of G5 percent r('lati \'e humidity at a con:-tant 
temperature of 70° F. The." strip" method (3) of testing the 
fabric was used, each spl'eimen heing raveled to a width of 1 inch 
before llPing tested. TIl(' fabrics Were broken on a regular powt'l'­
driven tpstel' of the inclination balance type, with til(' jtlWS of the 
machine set 3 inches apart and til(> bottom 01' pul~ing jaw moving 
nt :I. rate. of 12 inches pel' minute. For purposes of eOITeC'tion, the 
actual constructions of the cloths W('l't' dett'l'mined by eOllnting the 
wal'p and lilling O}l'pads pel' illeh of fabd(', observations being 
made in six places on largc sllmples of both the grny and the 
bleached fabric'S, 

(9) BUl'sting strC'l1gt:h of i!abrics: ThrC'e specimens of each fabdc 
,,'ere exp()fw<l for at jC'ast 3 hol1l's in an atmosphere of 65 perC'ent 
l'elntiY(' humidity at about: 73° F. Eac'h spceimen was then tested 
in five places Oil a hancl-opemte(l MlIllen bUI'sting-strength tester. 
From the dab for blll'sti ng strength pel' square inch thus obtained 
an average was eal('uln.tecl. 

RESULTS OF ,'ESTS 

N:R(:J<}NT.IOEl OF WAS"'!': RN~rol'EJ) ;IT ('UtTArN PltOCEElSES 

The }wl'('elltag('s of each t.\'p(' of WHsh' I'emoved fJ'om ('nell of the 
eottons by tilt' pickers and carlL based on net weight 0'[ cotton fed 
to th('se particular macililH'S, are listed in table 5. Figurp 2 shows 
graphic-ally till' pel'('entagrs of the fractionated and total wastes based 
On the wpight of cotton fpd to the opene.l' breaker. 

Examinin),! thl' 1'C'snlts for' total \'isiblp wm.;te Tor the three 1-iJlch 
cottons, it is ohsl'l'wd that a wast" of GAO percent was obtained foJ.' 
the Good Middling grade; (i.OH ])('l'('Pllt fot' the Middling; [uid 12.99 
perc'ent fol' tlH' Stl'j('t (food Ordinary, The pel'C'entages for Good 
Middling a.nd Stl'ic,t Good Ol'dillilJ'Y are welJ within the runge of 
those usually obtained 1'0[' such gmd(,s Ilndel' similar pickill{Y and 
carding ('onditions. That fo1' tlw Middling cotton, however~ may 
be considered somewlwt low for this gmcle. These comparisons 1u:e 
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made on a uasis of a large alIloullt of data compiled at the spinning 
laborutory und of OhSel'\':ltiolls elspwlt('I'e, 

TAil I.E ii,- p('I'('('II/Uf/CN of Iltc !tiff('l'cllf. //II)C8 Of /l'Ul8/C rc/l/Ove!l /11/ lite pick('1's 
(filii, 11/1' eUl'(l in 111.(' /II(II/u(ad,uf'(' o( 11/(' .J 8clccted ('otlllllN 

WaSLe percentage J 

Kina of waste Good :lliddling Strict Good 
Middling Ordinary
(Xo.3) (/';0,5) (No.8) 

Picker waste: 
Breaker: Pucent Pnccnt PercentYisible__ ~ _________________ . __________________________ . ____ 


Tn"isible_________ •________________________________________ 
~ 

_ 
 O.Di 0.43 l.!H 
, .00 .3:1 ,53 

Fiuf:;her7 

Card \\ J~lr;~lgIe. ~-:-::::::::::::::::::::::::::::::::::-:::-:: :::::1 :~g :~1 
Flnt strips.. _____ .....______ .... _________ . ___ .... ~_I 2.3fi 2.6; 3.20 
('ylimlcr and dotrerstrips~ ....__ .~_ _ ~ __ ... .·If! .Iil .76 
II1ot~, and II)'_~ ___ ~ ______ .. __ .. ~_ ..._________ . 2.0, I. n 5,O;J
S\\·cepings . .__ ~~~_~ ____________ .~, ___ .. _ .~~ ___ ... _~~. _~___ _"_ \ .13 .03 

1---· .--~. -
.05 

:;::::::: :::~:;:;)I(". --::::::::::::::::':::::::::::::::::-::.:.. 1=~~:~~1===5:=~:=~=1",==~!=1:=:; 
Piekcr and enrd wnste; j I 

12.0\);~~l~l i;:~!i~l~ic.:~-::::::::::::::.:::::·::: :':::':::::::::::::_:' (i:~~ , 6:~g 1.24 

--------~------
J The wuste per('entago for eoc'h cleaning machine i~ baser1 on the net weight of colton fed to that pur­

ticular clcnning mtl('hine. 'I'he percentage of total visihle wftste removed hy tho pic'kerR and ('ard equals
100 times the stun of the pounds of wasle mmo,'ed hy the pichr; und curd didded iJy the net weight fed to 
lhe opcner picker. In\']siblc wasle is IigUl'ed silllilarly. 

, fUYisi!)le guin. 

PERCENT OF WASTE 

6 8 to 12 14 16 
GAADE 

GOOD 

MIDDLING -- ­


(No.3) 

M)DDLING 
(No.5) 

--.,,STRICT GOOD 

ORDINARY 
 !

(No.8) 

.Op~ner.br~alrerwaste mfin;sher-piclrerwasfe ~CardwaSf(! 

1!'WlJIlE 2.-I'l'l'cl'ntnges of pit-keL' and ,'urd wltste from the three ~ele<'tcd cottons. (Unsed 
on Ill't wl,jght fl'd to opcnp.l'.) 

TIl(' lC'ngth" of (HlP]' at (-Itt' gil P(,I'c'pnt point-. ill the C1l1l1l1lative 
weight-J('ngth alTays fo)' sampLPs of the raw cotton and fot' those 
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taken at certain stageH of processing from eaeh of the three cotton!; 
tested are shown in table 6. 

TABU; !i.-Len!!lh of libel' in tlw ro II' 8toek (/lId lirolilt('/N {roll/, ('erlll.i" Sll(·(·('.~­
sil"e stll!ICII in thc m{1uut(lctu.ro of 218 ·/(:ar/J lI(f,rn {row the;] I$('/ecte(/. (JottO/l.~ 

J~cngth of fiher I 

Kind of sample Good Middling Strict Gooel
Middling (No.5) Ordinary

(No.3) (No.8) 

-----------------------------------1-------1------------
Inches Illches 11Iche.~Raw stock_••. _____________ •_______________________•____ ..._.••••._. 1.001 1.022 0.086 

1. 003 I. 02" .001~f~fs~~~i~~e:r Il':J;,'_':~ ==::::::: ~ ::::: ::~ :::::~::::::::::::::::::: -:: • UPS 1.077 1. 007 
1. 015 I.06!l I. 017 ~~~~~r_~r~~~ :~~i~.'~.-_~:::::::::::::::: ::::::::::::::::::.::::::::~::::, .r,ua 1. 010 .1104 

I Length calculated lit the 25 percent point ill the cumulative weight array, rCllding frolll the lon~est 
fibers. 

The standard error of the difference between any two reported 
lengths is about plus or minus 0.018 inch. vVith this figure in mind, 
it is seen that the fiber length of the different products from the 
Good Middling cotton did not change significantly during the course 
of manufacture, nor did the Strict Good Ordinary cotton change 
Rignifieantly prior to the spinning process. The Middling cotton 
fiber length appears to have inerPllsed at the finisher pickel' lap and 
to have decreased again during the spinning process. But the small 
quantity of waste removed is not sufficient to explain this apparent 
increase in length at the finisher picker. Besides, no corresponding 
increase in the fiber lengths of the other two gl:ades was noted at 
this point. It is concluded, therefore, that the greater fiber lengths 
for the finisher picker lap and fine frame roving in the case of Mid­
cUing cotton resulted from slight errors, either in the measurements 
on the- products or in failure to obtain representative samples. It is 
of intereHt, however, that the relationships of fiber lengths in the 
yarns are in general agreement Witll those in the raw cottons. 

END LlREA:KAm; DUHING SPINNING 

The 11111l1bc>r of endH breakiug per hundred spindles per hOllr for 
the 21s yarn~ of 4.50 twist multiplier are shown in table 7. 

'J'ABI,E 7.-.EII!l /11'('(l1ca.lJc Ilel" hUII(lrc(l ,~pil/(lI(J.~ [JI'I' huur dl/ring spillnillfl Of thc 
;] ,~('/e('t{!(L COt/OIlX 

End breakllgo I 

Count of yarn Good MI . Stric!.Oood
Middling ddhng Ordinary

(No.3) (No . .1) (No.8) 

I Ends EndsEnd.. 
0.6.~ 0.84 .\. 41 

I A]Jproxilllotcly 2,100 to 2,400 spIndle hour~ Involved in euch casc. 

http:m{1uut(lctu.ro
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The results for the three selected cottons are seen to increase 
directly as the grade becomef:i lower. 

S'£ru,;NGTH AND IRREGULAlUTY m' WAltP Y"~\{XS (SKEIN) 

The breaking strengths of skeins prepared from 21s and 28s 
warp rarns for e&ch twist multiplier for each of the 3 grades are 
l:'llOWn III table 8. The f:ikein strengths are plotted in figure. 3. 

~'AllLE S.-Avera!Je 8trellgt/t. of ynrn [JCi' 8ke/n for tILe 3 .~ele('le!l ('ottOIl.~ 

Strength of yarns 

TwistCo=t of yarn multiplier Quo(,1 Ii Middling IStric~ Good 
lhddltng (N 5) Ordmary

(l\o.3) o. (No.8) 

Pounds POltllds Pounds 
21 s__________ .. --- ----------- -. -- ----- --------------- ---- 4.25 115.0 115.7 97.0 

4. liO 114.5 114.4 \18.2 
4. i5 113.8 112.2 96.7 

Average_____________________________. _____________ •. __ 114.4 114.1 97.3 
I=====I=====I'====~F==~ 

~'8s_ • _ •• __________ --------- -- ------------------------- •• 	 i9.2 64.71:~g ~~:~I 78.3 65. 9 
~:25___ 79.0 04.5 ___ 7S'~)____I___ 

,A verugc____________________________________ ~ .. ___ ~ 78.7 : i8.S , 65.0 
I1 

120 
GRADE 

No.3 

21'S No.5 

1No.8 

No.3 

285 No,5 

{
 
No.8 


~Middlmg ~ StflctGoodOrd,nory 

l!'IUt:ll~; 	 a.--.\remI!P ~tn'nglhli of ~'nrll ,lrl(,l'minl·(l h~' Ihl' HI,pln l1I('thocl for fhl'(,,· l\Vi~fs o( 
:!lR lind ur :!8s wllrp yurllH IIIHUUrH.'lul'I'!l frol1l lII" threl' HPlp('h'd .'oltll"li, 

By refC'rence to table 8 and f1gUl'l' 3 jt t'all be !:>t't'll that the Hkeill 
strengths of yarns spun from the Good Middling and Middling cot­
tons are approximately equai and much higher than those from the 
Strict Good Ordina~'y ~otton. The close agreen:ent of the s~ren~th 
of the yarn from Mlddlmg to that of the yarns from Goocl Mlddlmg 
probably muy be considered by some to be due to the slightly greater 
staple length of the Middling bale. However, on a basis of several 
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hundred J.mlcs of AlI1erieall uplalld cottoJ). ranging frolll -]if to 114 
inches, spun in tlIP laoomtory at Ch'tllsolJ College, :)):!-ineh im'l"ease in 
staple ll'ngth has gin>n on tlw lInl'agl' 1'01' 2~s yam all inlT(>!u;l' of 
only 2.07 pounds, 01' 2.15 percent, Whl'Jl based Up01l tIl(> awrage 

: 	 stI'l>ngth of 22:; yam spun frolll l-iuch Htaph>. It is olwious, thl>l"(>­
fo.::e. that other J'l':tSOJlH ac('ollJ)t JOt" thl' dose :t!!r(>C'IlH'lIt. The two 
higller grades proc1u(,l'<l yarns oj' l'xC'l'llpnt stn~ll~rth Jor cotton of 
th(>ir l(>ngth, wherea,.; thOHl' from till' jowest gradl> arc considered 
fair. These cOlllparisolls also arc made on a basis of results eompilC'd 
at the spinning laboratory. 

The il'r(>gularity of yarn as illdieated by till' highl'st, lowl'st, awl 
average skein-breaking stl'ellf-.rth and size, alld the ~Wl'l'age deviation 
and extreme variation of both brC'aki Ilg strl'l1gth and sizl', for 218 
warp yarns spun with 4.50 twist lllultiplier, are showIl in table 9. 

'l'AIlLE 9.-HiUh(\~t, IO'lccw/, alld averl/!/f' breaki'llg Ntr('l/!ltll,~ O'Iu( SiZC8 altd pcr­
eentage Of (werane devil/liol/. ((lid c.r:lrcmc /"oria/i.oJl. of brcak 1/1/(1 .~iz(' of 218 
worp yarus of -1.50 t/(·i.~t JIIllllil)licl" N[lIUI trolll. tile ,J !Selectcd COftOIl,~ 

-------:-----~ ----

I 

I 
A\"eraJ!oBreaking ~trell!(t h Yurn l"iw 	 l~xt.rel11e! deviation I vnrintion 2 

1__­1---:-)- ..... .Grado 	 ,1--""71
--1-- -.. ----

Low~ Awr. 1 .II i~h- I Lnw- \ nr- I Break. Size of Break- SI'ze of• I 109 I., Ht'·est n~e J cst f cst 1 age· I~trength yarn stre~gth yarnI ) 
------I--I~ ---. ---­ ·,·-1----1--
Good Middling !pounci8 Pouncis,· POllnci,': ('ol/,nl i Counl OIwt ! Percent Percentl Percent H'rce·lIt(No. 3) ________ .__ 124 lOU I 114.5 22.00. 20.25 20.9!l: 3.44 1. 96 I 15.72 8,34
Middling (No. 5).-' 129 10\1 114.'1 21.2511!J.OO' 20.41: 3.8.1 1.96 i 10.99 8.57 
Strict Good Ordi- : 	 I ' ! I 

nary (NO.8)-----i 106 02.,:. 01;.2 21.75 20.25 20. ill 3.44 I. 67i 14.11! i. 2'~ 

I Calculated by summnting 1111 de\'ialion:; frol11 the lJI(,au Without regard to sign, then averaging and 
expressing as B percentat!c of the melln. 


2Expressed as a percentage of the meRn. 

3 Average of 25 observations. 


The aifferencps jn il'l'l'gularity are spen to be small, any advantage 
of regularity being associated with til!' yal"llH from the Strict Good 
Ordinary bak 

SI1IE;\~GTH A;o;lI llllUC(H')_\HITI- Ol' "'AltP Y.\!:;\' I :-;JNGLEl STRA",O) 

The ('ol'l'l'dpd H\'('ragp single-strand brl'aking strengths and per­
eentage of average cle\'iation from 21s and ~8s warp yarns of 4.50 
twhit multiplier are showlJ in table 10 and pn'sPllted graphically in 
figure 4. Fl'pC]lIency elUTes of the bl'pakillg str('llgths of Hll' i1s 
yarns are shown in figure 5 and of the 28s yams in figure 6. These 
('urves show tho reIn tive dispersion and Ske\\'lll'SS for l'ach of the 
three gradel:;. 

The results of the single-stra nd stn'ngth te:,;ts. illsofar as the l'el:t­
tive order of yal'll strellgth oj' till' tllJ'(>(' ('ottOIlS is (,OI1('C'rlle<l, eonfirm 
those of the skeh test". '1'11(' ('otiOlls of the Good Middling alld Micl­
dJiug grades. gave VNT lll'.arly (,<]lI.a.I strengths, \\"h.(,l'l>as the eotton of 
the lowest gracie, Stl"iet Good Ordinary, ga \'C yams of eonsiderably 
lower strength. In the ensp of tIl(' 21s yarns, tll(' strength decreased 
in the order 01' grade; bllt for till' ~8s yarns tile intel"llwd iah' gradt' 
fUl'11i:::;hed the gl'eate;,;t Htre1Jgth, and the lo\\'el:it grade exhibited the 
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least stren~th. It is wel'l to point out that, as sized in the skein, 
the 285 yarn from the 1\Iidc1linf!: cotton was about 2.5 pel'cent heaYier 
than thnt from ('itlwr of the othel' two gracIes. Since no correction 
to s]wdfi('(l size was emplo)'ed in the sin~l(' yarn;;, tbi;; probably ac­
("ollnt;; in ptllt for tllt' e1wnge in the ordpl" of strengths. 

'.l'ABl.E lO.-A'rero[JC Rfl"t!II!1I1I, flf NjH!ll('-~II·{/j/.(/ 21R (llill ~K,~ '/f'HI"JI 11111"1/. of 4.r.O 
I1pjNt mulliJiliN.'. (llId /WIT('II/ag" (lr (l1"('rClU£' aevia/ilm of !larll s/r(,llgtll fo,. 
Ihe .J ,wil't'/eti collol/., 

-.--.--.. ---- ----~------.,--s-t-re-n-!!t-h-o-r-w-a-rp~·1 :~e~age dcyint.ion' 

~-nrI1S I ~ 

Grade -_·-----1----:--- ­
_~s I~I_~I~ 

aU'l1oc'!.l ounces,\ perce,nt i Percent 
Good Middling (K,? 3) ....... . -l 16.. : 10." H.4 J 9.9 
Middling (No, 5) __ ••• , 16.2: 11.2 K3 I 10.0 
Strict Good Ordinary (No, ill 1:1.,: 0.5, 7.6! 10.5 

, Average based on IIPproxilllnt~ly 7.5 indiYidunl hre"k~ wnde by l\Iosrrop tester. Avern~o counts of 
2.1 skein Obl'ervf1tiom; llm,ltl on th~) n'''J1P('tive ynrn~ WI,)r~ u:-\:t'tl as u hn:o:b in eorn'ctinJ! the durn. 

i {'nl(>ulnted hysumlJlUlitl~ 011 (it'vi:ltiont" frolll till' JlW:ut wil hout rl\g;.lrrJ to si~n, averuf.dDIt, und pxpressing 
t\!-'!\ l)('n'\>nt a~~ of t\u.' HWan. 

STRENGTH Of WARP YARN IN OUNCES (SlNGLE STRANO} 

6 9 12 16 
GRADE 

No 3 

21 s No 5 

1No6 

rNo3 

26'j .No 5 

NoB 


• GOQd "'''dd/JfI<} mM,dril,ng ~ StftCfGoadOrriIllQIlj 

FrnuHI·: 4.- A\~(1J':lg'(l ~trl\nJ.!l<h~ of ynru d(~b'rrniJlI·t1 h,r t11l~ sing-t('..~trttntl ~I()!-:('t'nl) tC"stpr fur 
2HH wII"f' ~'lIrll", -t.;'(J (wb<! lIIultillli,·,', 1II:1I1UI':ll'tllt'l'll froIII th~ till'!'!' ~,'l(·(·te( cottons. 

Helati n·ly. till' rp:;lI}tf; of thl' i'i Il:..d"~;;traml sh'Pll,!!th tt'sts {OJ' 2h; 
ynrns l:lhow a slig:htly frt'('lIh'I' dil!,pr{,Il(,(, betwN'1l Oood :\Iiddling and 
Micldling than do th/';;kein str('lll!th t('Ht;; fot· thest' g:l'Ude~ (flg:s. 2 
and 4). It may 1)(> ,':i1clllaipd ·from 11w l'l'Hult;; of both methods of 
tpsting: upon both connts of yam that the stl'png:th of yarns spun 
from the Strict Good Ordinary ("ottOIl l'llllf!:es frolll 10 to 18 percent 
below thnt of )'lU'l1i' Hj>l111 :fl'om thl' ('ottO)) of ("ood Middling g:rade. 

Duta hn "iug: bpt'll [>r(,;':(,II(('d ('ol1C'crnin,!! both the skein and the 
single-strand streugth of tht' yarns, it is of illterest to !ll:lccl.taill the 
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relation existin~ between thefle two sets of values. A skein of yarn, 
as placed on the usual type of stren:.,rth tester, C'ontains the equivalent 
of 160 single strands of yarn each 27 inches in length. Theoreti­
cal1y, if all the indiyidual strengths "'ere realized in breaking a skein, 
the ratio of skein strenf"rth to single strand strength woul'd \)p 160: 1. 

PERCENTr--------r-------.--------~------~--------r_------_,--_, 

OF BREAKS 

30 

20 

10 

o 
9 II 17 

STRENGTH OF 21. WARP YARN IN OUNCES ISINdLE STRANDI 

FHlCUE ;:;.--Dj~tl'!butioD of slr,'ugths of ;;jllgl,,·stl'lllld !lIs WUl'P yurn. 4.;:;0 twist llIultiplil'r, 
lIIuuufuetured frolU tbl' t hr('(' sl'll'etl'c) ('ottons. Each curv~ represents approxlmntely
775 o1Js.·I'vntiolls as rN~vrUt"d l)\~ tlw ~Jo~('roJl te~tl·r. CUL'VliS were drawn lrulU originul
dntll whi<'h were not corl"('c[('U 'for size of YUI'n. 

30 

20 

10 

o 
5 17 

STRENGTH or 28. WARP YARN IN OUNCES (SINGLE STRAND) 

FrOl'ltFl (I. --lJixtril.H1tloll IIf ;;lr,,"gth~ of sing)("SlrIIll<l !.!Sl! wllrll yUI"Il, 4.[00 twisl llIuHI(lli"r, 
mnnurnctu"~ld from thrp(J lwhl("f(ltJ COl tOllS. I~H('l1 l'urv(a 1't:pr('S(lllts upproxlmutNy 775 
,,1J~(,r\·ut.hlUs liS I't'('(H'dl'e1 by I Ill' Mosel'lIll Ipst\'r. ellr\"t'~ wel'(, e1mwll from orll:lllul 
until whkh w('r!' 1101 !:(HT('('[\'\1 for Hlz(' of yarn. 

This ratio is not adua!]\" J'Nllizl'(l. 1I0\l"('\'el', ~il1('l' tilel'(, is a tendt'llcv 
for the wl'Hkt'1' strands 'to uJ'pak first. followeu by slipping of mUll)' 
of tIlt' I-'tronger thJ'euds. The I'utio or skein ::>trength to single-strand 
strength for Pilch or the yarns Und('l' eonsidemtion umler the con­
ditions of thil:i test is as shown in tal:le 11. 
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TABU] l1.-Ra/io of Nkeill Nlrell!/Ili to N;II!1/c-,'<!r(lll(/ :<I/'('II!/II/, 

Size ofynrn 

Grade 

215 28s 

----------------------1.-.-..- --­
00011 ~ntldlin!dNo.:;) .................................................... __ " 109.0:1 121.~: 1 

Middling (No.5) ... '.. ... __ ........ ,., .............. __ •. 112.U:! JII,8:1

Stri,'t Oood Onlioolry (No. Xl. . ... ... ..... .. .. ........... 115. I: 1 JIO.K:I 

'rheoret lelll .. lIiO. 0: 1 WO.O:l 
___."_,~ ~ _~_. -_._- .-_••• 0- _~_._~_~______ ~__ .__ _ _________• __ ••_. __~r~._......:..__~J.__ 

ThcrpslIlts of this tp!,,(' in(lirntr that In tlw ('as(' of 21s val'll a 
gr('atel' proportion of HlP sillglll.,~tl'alHl strength ,,-as realized' in the 
skeins as tlw grade bp('n 111(> low('I', Wh(,I'PHS for' tht' 28s yam the 
reverse '\'as the cast', 

As in the casp of the skpin stl't'llgths. til(> 21:; yarn from the lowest 
grade was most l'(>gllhll'~ but in the ('ase of 28s. this gl'Uch' gave the 
most ilTegnlal' ram. followed in (JI'(lel' hy the int(>l'l11(>diatp and 
the highp~t gl'fHl;:.. • 

('OWl( ~n::ASL:I{~;.\lgl\"rs (W IL\W STOCK, IN'l'~:JtM~;nrA:rE 1'IWDFC'fS, AND FAHIUCR 

Color lIH'a;;m'PlIl('lIts \\'('I'C' II Iadc' on salllph's of the cotto II frOIll 
thp raw Hto('k. tlip bn'akpl' tlllcl fillislH'1' lap;;, and the fill18hpd gmy 
and bl('udH'd IlIaU'I'in1. TIH' 1'(·lat iOI! of lJl'i II iall('l' to grade, HI'; tlw 
raw sloek pa:-;sl'd thl'ollgh tlip bl'('akpl' and fillisher and then into the 
gray and IJll·avlH·d ('Iotli. IS :-;IIO\\'II III (abl(' l~ alHl graphi('ally III 
figul'(' 7, 

'l'AHLE 1'.!.-Ih'ill ill 1/('(' of I'll·/(' Hloc/c, ('('I'la·in ill/crllwe/illf(' /lmd II I'i8, (/lId l((bri(W 
IIIrt/lllf(l('llIr('r/ fro III. till' ,J :",/('Clcd ('0 [,[0 liN 

-------.....-.- . ­---------~.-.-~- ..~------
IIrilliUllt'IJ t 

!----- .--._---­
K~ncl of saOlple 

I 110011 : ~III II' , : :;trkt. Good 
I 1\1 fddling .' ~ ( 1lJ~ . Ordlnnry
! (:-;0.:1) , (;';0 .5) i (No, S) 

---------_._--_._._------
Hnw stork S.fiO i.80
Brcllker·pkkrr Inp X.40 i,71 
Finl~h(·r·pl('krr Illp S.U/! i,!H
(lrny (,loth H.Zl 7,57
1lJe)l('hed rloth U.70 U.~(J 

t St'nl(' tlf llrillillncl' P\!t'ntl, frolll 0 (hhl('k) to 10 (\\ hHI·'. 

An ('XHllliliutiol! of til(' 1'('..,(i1ts silO\\,;; that the bl'illiallC'(' of till' mw 
sto('k and of lJroduc'ts \'aries with til(' gra(h': that is. tIl(' higher tlw 
grade thl' gl'('atpr tIlt' bl'illiall('l'. OPII(,I'aUy, tlw Middling ('otton i:-; 
J)carel' in bri lLiaJl('p to tlJ(' Uoocl l\Iiddling cotton than to tht' Strict 
Good OI'(lilllll'Y, TIl(' bl'(·ak(·r·lup :,;ample:,; J1lpa:-:ured a trifle clarke)' 
th:lll tIl(' I'a\\' ~tod(, 1)(,l'ilaps owing to tIl(' fad that the ('otton was 
(JIW)l('d up and tllp tl':l:-:h IOOB(l)wd. SalllpJ('s from thl' finishpl'-picker 
lap Hhowed up bl'ig-ht('I' tlmn thm;(' from (Iitlle!' tht' breaker-picker 
lap or the rllw stoC'k, indieating that some or the trash had bpen 
1'('l11oYed, 

11)881°-34--2 



18 TECHNICAL BFLLETIN 40(\, r.::\. DEP'r. OF .\(lHIC'l'LTT!T!B 

The brilliance m('aSUl'ements reported for tll(' gray and bleached 
cloths ar(' the re~ult of det('rmina6om; madp on a :-:ample of seyerul 
layers strekhecl over a white background, sufIicient layers being taken 
to 0"erC01111.' any effl;'ct. of the background. It is spen that these figures 
are in all caHes lower thun tho:-:e of the finisher-piekpr lap. This is 
owing, no doubt. to the fact. that the cotton, although itself a trifle 
brighter, in the form of doth caused morl' sluul(l\YS than occurred 
in the finisher-pieker lap. The meaSUl'l'J1)pnts of the gray doth incli­
cate a difference in brilliallee bC't\wl'n the Good Milldling and Strict 
Good Ordinary cottom; which is ('om parable to thp diffei'ence in the 
raw "to('k. Aftel' blC'acbing. the bri1lianeC' is raised cOllsiderably, the 
low grades being raised rdati\'e.ly more than tIl(' high. 

6 7 8 9 10 

RAW 

STOCK 


BREAKER 
LAP 

fHHSHER 
LAP 

GRAY 

fABRIC 


BLEACHE01;;;;;;;;;;;;;;mll;;;;;;;;r

fABRIC ~ 

F'77::i -$tnc;t GoodOrrimQry 
~ (No.8) 

1'1(l('RFJ j,- nrillinnc~ of thl' l'UW sto('k of "('l't:Jin Inh'rlll/'tlint~ prodncts, of th~ grny. :utll 
ue tIlt' bltl Hl'lI(I(l falu'h':-; Ilmnufa('ttlrp(i (1'0111 till' thrpp ~.;plt·t·tl'd tOlrnIlS. 

Spt'etroplJoC-metJ'ic IIlt'HSUrelll(mts II of tlw n,flpctiol1s at. (ll\ch of 
!'('y('n <lifi'prpnt wan' IplIgtlls horn the gray nnd fl'Ol1l the blen.chC'<l 
('loth an' slwwn in tuble 13 amI pre!'ented gl'llphieally in figure 8. 

These nH'a!'\Il'{'nll'nts of rt'flC'('tiol1 by WHYl' length. whcn plott<~d 
on a logarithmic' !'l'nl{'. show It'sUItS WI'.\' l'illlilnr to those obtain(l(l 
from the brillian('p lllPHSlIrC'lIlents. Ihillian('e is l11ellslll'ed in units 
('qual to till' <'Y<' and I)purl' a cit-finite I'platioll to PPITl'lltagt' of light 
reflected. It has 1>l'<'n tlJOught IJ)' SOlllP to bear a logarithmic rela­
tionship and. althollgh this <l(WS not agr<>e pn'cisely with the 
.Munsell scalC', it is llS(,(] in figure R in (JI'(ler to show the general 
relationship. TIU' two B('t!' of fig11 n's en nnot be Im:C'isel'y adjusted, 
Hince the illullIination 11n<1('r which they were llIeasured uncI the 
thickness of til(' matel'ia I d iffen'cJ for tlit, two Illl':lsnrements. 'rhe 
grades maintain approximatt>ly 1'(>1ati\'(' positions with l'eSpN't to 
relatiyc rt'flC'C,tiol1 of the wavC' lengths mcasured. The reflections of 
the gray ('Ioths, wh;('h arC' a light dull yellow in ('0101', W(,I'(' less 
from tIl(> blue (,Ild of Ilw Sppd:rlllll thnn from tlw I'pd e!H1. The 

n '£JH'H!' IIlPIiSIlI'PlIH'lIts W('l'P mndp on II K('uffel .'\: EsseI' color Illlllllzer through the cour­
tesy of ('nrl \Y. Kcuffel, 
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bl('acJw(l dlJtll~ ~':nn' II 1l11ll'h highl'r n'latin' I'l'ficctioll throughout: 
the range of wa n' IplIgths, anli till' 1'l'Il('et iOll:-; diet not ditf('!, a ppl'l'­
dabl" 1'01' thl' d iiY('l'l'lIt wa n' lengths, Th is i~ a i'act wh i('h COIT!;' ­

(-poll(IH to (hpil' wlJih'!H'ss, sil\('l' til(' highl'l' and f-1att('r tilt' 1'111''"'', the 
whiter tl)(' ('olor, 

TABLB J3,-J.'cf/c'cfiUI/ af 'liffc/'(I/I WilL'(' ICI/Utll'~ (if [/1'1111 al/d of (I/('o('/u:d ('Iutll 
IIJ(lllII(a('/III'1'ci (/'Il/I/. Ihe J 8f'iCI'/('t/ (,(it/Oil •• 

H~l!el'lioll , 

('imy 

W'W<lI~llgth iu mIL 

['Olld: , , ! Hlr;('1 ('ood Ii I Strict
!;\li:"U;nu ;\1 J(ldhn~i no!"1 0:- ;lU:ltllillJ( ;II i~ldl!nl!t (lC!od Or­
: • ", 	'1, 1:\0, oj f ,i/ll"" ("0 3) , 1:-;0, ,,) , dmllryI ,.' I", I : (.:\0, ~I -,., I 1 (.:\,J,8) 

I~" 1--­
0..i2 i I),I:!, 0, ,I ! () ,0 i (J, ,Ii 

.':11 .KI! ,1':1) S" 
- , 

, t~l .10 .S!! .Sf. t .sa 
< (ij' .lia : ,S!) ,).;,1 t • If! 
.70 . fiji 

.....~:!', 	 ; \, ,"1 .~!I ; .~(j t :sa 
,!IO I "'~ I ,H5

7\ . ji, .\11 , ,~, I .S6 

,90 

,60 

.70 

,60 

.50 

,40 
440 	 460 480 500 520 540 600 620 640 660 680 

pURPLe· BLUE - WAVt LENGTH (MILLIMICRO/lS) - RED 

1·'lIa m; S,,·· H,'lnti,·.. ~1H'd ral J'l'fll'l'tul1('P of J.:ray aull llll'nellcll falJrks IJIllllufncturl'd fl'om 
('IJp t hrl'p };(liP('t(!d tottOI1::-i. 

The gruy fabl'il's 1'1'0111 till' diJi'l'I'put gl':I!1t,s difl'el't'll notic('ably III 

Uwir uppearaIlC(' to till' I',VI' ill ('oftH', JII~t{,I" and amollnt of i'ol't'ign 
matter prescnt on the surface. r1'11('. gray fabric preparell from the. 
Good Middlillg t:ottOIl was a bright, ('I'('aIllY whitt', with a very slI1all 
quantity of fill(' pill iI'ash. That prl'IHu'(>(1 from the Middling cotton 
had lL slight!)r darkel', gl'ayi~h-y('llow ('aRt, nlllch duller than that 
macll' fl'om tli(' Good 1\Liddlilfg ('OltOIl, and tlw trmih was a little more 
llotil'l'Hbh,. TIt(' gra~r f'nlJ ..ie IJI'PPlIl'pd fl'Oll1 Ihr' HI I'id GOld Ordinal'Y 
cotton hud a Htill dark!'I', graylsh~Yl'Il(lW (~olor and considerably more 
pin trash thun that from the Middling cotton. 
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That It quantitative relation~hip bebwcll grade and Hurtaee foreign 
matter might be t'HtabliHhed for the gray fabrics. thr avrragc number 
of particles of trash in tt slirface area of \) sqnare. indles was dc­
tel 'mined. Thi:" ~\'!!~ dOIll' by pl11eing a lllat with a 3-1nch square 
opening on the smooth sudace of ttl(' cloth amI connting the paltides 
in each of 20 such areas. The average number ot partides of foreign 
matter obse1'\'('(1 per 3-inch square on the gray from each of the 
three grades \yas as follows: Al·cmOC11./I/IIbcl· of pUl·t~ 

cleM lie" J by J·ill(·" .~qIlU¥f' 
Good ;\Iiddlillg (No. :~)___ • ___.__ . ___________ .• (2 
"Hd(1ling (Xu. Zi) ___________ . 10.7 
~t"ict (loml Ol'dillary (:"\0. H) __ ___________ :C:l.!J 

TIlt' bi8:!{.:heli ~;nlJlpk" frolll par-It of till: thl'('<' gTach's (liffert'cl little 
as to pin tnt:;h. practieaLly all of this lltat{'l'ial having been n'lllovec1 
in the finishing proeeHs. W'I\Pll til{' lini~hed fabrics \wre plu(,pd si(ln 
bv side, hnweYer, a difl'el'encp 111 ('0101' ul1·.l luster between the Good 
l\lidcUillg and Strict Good Ordinary cotton was easily (lisecrnible. 

Difference" lx,twet'll tllP fabrics from the :JIiclcUin:r cotton and those 
from either of the otl1el' :rradl"f.; wpre lllllCh less noticeable. 

'1·"::\STl.~J STlt~;NGTU OF TilE l'AIlHlt·S 

The aventgps for the lllllllb!'l' of tilrea(ls pl'r illeh both warpwise 
anel tillillgwise for till' gl'Uy anel bh':l('ilc'c1 fnbries are shown in table; 
1-1. amI the C'OlTl'spolleling ::-tl'l'lIgtils an' showll in talll<' 1:). 

T.\IlUJ 1-l.-('OIl8ir/wtill/l of !/I'II!I /I//(/ li/I'((r'lied f((/ll'i('N 1I/(/ltIIIoc/fu'c(/ [rom the 
.J Nl'/cC'/('d r'()lIrJ/l.~ 

.__ . .'1'hr~nds pcr_in_r_h_'____ 

1 Om..,. BlenchedGrade 

Good ;\liddlillJ! (:-io. 3) 

Middling (Xt). fiJ. 

Strict Oood Ordinllry (Xo. l>l 


T.\III.~: 'I Zi.--'l'(,II,vik ·<t 1'(,1111111 of /11'1//1 II lid II!('(/I'//f'/( {II IJl'ic.• [rulll IItC ,J ,~('/('('tctl 
('IIttoIiN 

--------_._--_•._--­
""'II'U,' SIr"II~lh "r '·111('11 Nlrlp I 

c; ray II if'lI('h"d!Unllil· 

I\'"rp· ! Viii},,!:. I\',!rll' VilI,ing. 
WI~(' i \\'lSI' 

II' 

wise WISt,~ 

---------J-!---,------
I I 

I>n/llld.~ ; PQI!/Ill., f 1'QIIIIII" 1Pou.ntl. 
Good Middling (No :1) m.o i 50. a I 1i3.S '11.4 
Middling (Xo. 5) .. 00.11 ·.II!.O I li5. 2 38.8 
Strict Good Ordinury (Xu. IS) 52.1· 

I' 

'J3.H! 61.5 I 31.1 

I Euch average represents 15 ousermtlolls. 
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It IllaY be seen from tabl(> 14 that the IllllJlUer of warp thread!:; per 
illeh of 'the finished sheetings was eonsidemhly higher than that of 
the gray whereas the number of filling threads pel'inch was llIore 
nearly the same. This change in COw,;tl'lletion is .explained by the 
faet that, in the finishing I>roee8S, the fabries shrank OIl an average 
of 10 inches in width. from 72 to 62 inches, the l't>ngth ('hanging but 
slightly, approximately 3 percent. 

Table 16 and figure 0 show the figures of table Li ('oTlYerted to a 
eomparable basis, namely. a eonstruction of 04 by 64 threads per 
ineh. The corrected t(·nsile strength of the fabrieH in all enses, ex­
cept that of the bleaehpd fabric te::;ted \\·al.'pwise. <1eereu::;ed with the 
gnl!le. In the ca::;c of the ex~eption noted, the fv.brie from the Good 
.Middling had a somewhat lower strength than that from the 
)Iiddling cotton but a ('onsiderably higher Ftrefl~rth than that from 
the Strict Gootl Ordinary cotton. In aII ea:;es the fabrics from 
)Iiddling showed a l:'tl'(ln~th IlIl1eh clost>}' to that of fnbl'ies froll1 
<lood )[iddling thUll to that of fabric::; fl'orn Striet Uoocl Ordinal'}'. 

TAIII,t; lU.-CUI'I'CC/C« /cl/siic ,~/r('I/!J/h uf [Ira/f IIlIrl /J/cac/tc(l {aurit's manll. 
{aei 111'('(l {rum /1/(' .1 8(,/('C/(,(Z· cot IUII8 

'l'211sile strength t'orre~ted for 64 hy 64 
('onstru('tiol1 1 

Grode 

I
P'lI171r/s Pound. PUtJ1lti.v POUllcJS

Good :\fitl,lIiul' (No. 3) ................_••••••••••••..._.... . !l2.1l 
 iiO.3 56.7 42.7
Middling (No. r.).... .... . .... " __ '.'.' ...... W.7 40.S 58.0 :JR~Strict Oood Orclinary (No. S) : 51. a 43. I ~fl. ~ aa.2 

I Based on datil showl! In tahle._ 14 nnd 15, liD nllo\\,llfice being nunlt" for the fubric assistallCt). 

TENSILE STRENGTH Of fABRIC IN POUNDS PER INCH 
GRADE o 10 20 30 40 50 70 

STRICT GOOD !: ij~//~////////////////////////////////.I 
(No.8) F

ORDINARY" ~::~;.::~~'::=.~~.,.•'"" 
F ~////U/////~ I 

I J I 
• Gray !2ZI BI.ochod IV-W.'F ",,.lflmfl 

!<'lGl'nfl f).-·.A"~l'figl' cOIT('('l!'d l('n~lIe sll'Nlglh lll'trrll1flled by tht' strip UH'thod for th.> gl'Uy 
lIud fOl' Ill!' ulcach('d fllbrks 1Il1l11Uflll'hl!'NI from the three selcctcll cot tOll~. (l~nch bur 
rt'Jlrc~cut~ the U\'CfugC ot 111 ob~ervutlou~,) 
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011 an u\'(,l'a~t' the l'on'p('h'(/ streIlgth of tll(' hleaehed -fabl'i(', 
as d('t{'l'min('r\ by the> stl'ip llIethod. d(>('l't'll~('S G.!) pe>l'eent w:trpwisc 
and 19.;'> lWI'<:t'Ilt fj II ing'wist', 

The :lYt'rage bm'Hting strt'ngth pt'I' sqllal't' inch for the gray and 
blt'aC'hed fabril's fl'Olil ('Heh of the thl'(>t, grll(lt's .is shown in table 17 
alHl figlll'(, HI, 

TABLE 17,-Ll/'{'/'lIy(' 	 bl//,,~til/!I ,~t/'CI/{!1l1 (.f !fr(/y and lJ(c'ucll('{l f(/bl'h',~ /11111/'1/,­
(aoll/reel {/'fill/. th(' ;] lIe/cct{'cL oo/folloS 

IBursting str~lI~th 
p~r squllre inch 

, per fn bric IOralio 
1__­

(lrllY BI~n~hed 

POllrtli.1I Pound,>;.
Oood :\1 irfdling (Ko,~) . _ 1:>;1. 7 106,0Middling (No,:;) 15·1. -; 10·1.;1
Strict Good Orclinllry (No, X) 	 f 

120,7 I ;0,0 
....--- •. ---.. 

I I,acll 1I\'emge represents If, tests mode un n Mullen lester. 

BURSTING STRENGTH OF fABRIC IN POUNDS PER SQUARE INCH 

50 75 100 125 150 175
GRADE 

GOOD 

MID DLI NG -- -l>7;'77:'77:.m'7n'7n777m777.""7:'77:,n',",'77Jm771(No,3) 

t.1IDDLING 

( No.5) - - -l=777.7770","777;'771777Trn'77'777T.m,'777777;.m 


STRICT GOOD 

ORDINARY 


(No,8) 

_Gray ~B/~aCh~tI 

1'1(1l'ItI,: 111.-;\\'1'1':1;:1' hlll'HUn;: stl'PlIgth cI!'I\'rmitH'cl by II ;'Ilnlll'll Ip~I('1' fIJI' 1111' !rrn,\' IIncl for 
Ihp lll!'at'lll'd I'IIUI'jc'x 1Illlllllfll<'lllrt'!1 fl'OIll till' Ihl'l'" Hl'h'ctl'cI t'(JlI()Il~. (Earll hili.' I'l'prc·
:-;PI11H a\"(\r:q.~'p (IC 1:; ob!:,pr\~rltiolls-.) 

The l'l'iildbi sho\\' \'t'I',\' littl(' difl'pl'('Il(,(, ill "t!'('Il~th [w[ Wl'PI1 til(' 
fauric:;, eithe>l' gTay or bleadlt'd. IWlllUfildUI'pd frolll tlte Good ;\Lid­
(]Jing and Middling ('ottonH, ThL' fabrics manufaetuI'etl 1'1'0111 thl' 
two higher gmdl's wpre llJuch slrong('l' than those manufactured from 
tlil' Strict Good Ol'(lina!'y cotton. 'nw finishing process apparently 
l{Jwe!'ed the blll'sti IIg st !'('ngth of the fabl'i('ii about one third. For.' 
lht' gl'ay /'aiJI'ie, it \l'a" ob~(,l'V(>d thai in the IIl11jority of ('HH('S lh!' 
fjllill~ thI'ead" 1)1'01\(' as nit' fabrie UUf'st, whereas in the finished fab­
rics the warp threads u1'oke ill every illstance, 

http:POllrtli.1I
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CONCLUSIONS 

The more important results obtained in the manufacture of the 
three selected cottom, into sheetinp: and from certaill Htudif'H made 
on their fibers, intermediate produC'ts, yams, and fabricH llIHler the 
condjtions, a" describpd, lire listed as follows: 

AH C'omlHlred with pl'e\'io11s results ubULil1cd from cottons of tl1(' 
sallie g-radl'H and simiial' Htnple, tIl(', pel'Cl'ntage o~ waste removed 1'1'0111 
the Good, :Middlillg and Striet Goo(l Ol'llill1lry ('ottons WflS about 
ttYel'age. On the other hallcl. the wash' frol11 tIl{' Middling cotton wnH 
somewhat lowel' than would b<.> pxpcctNI for this g'J'ade, 

The Ipl1:rth of fibt'I'H cliffe'red sLightly for the threp ba1ps, that for 
the ~Iiddling bale he'ing it trifle Longpr than that IOl' the othpr two. 
On a bnHis of ]lJ'Pyiolls results, lIowev('l', the small diffl'l'enCes in length 
of raw eotton would not bf' f'xpertl'd to aCCOIlJlt for th(> rdatively 
higher strength of the Jlroducts fl'Ol11 this bale. 

The Ipngth of fibers from the thrl'l' ball'S of ('otton did not ('hangc 
appreciably in the course of till' manufacturing 1)J'O('('SSl'S. 

Till' !lulIlber of ends breaking pel' 100 spindle'S pel' hOllr i 1IC'I'l'llSl'd 
Hi' till' !!radp b('('anll' lower and was 1I1OI'l' than doulJIl' fOl' the Htt'ict 
Good ()nlinHry than for the Good Middling cotton. 

Both sk('in alld singl('-stl'rtntl h'sts Oil ~ls and 2Hs ,,-al']) yarns 
:-;ho\\"t'd thl' <lood Middling amI l\lid(lling ('ottons to hnve approxi­
11Iutl'ly ('qual :-;tl'pngth, The Stri(,t Good OJ'(]intu'y ('otton ga\'p yams 
I'rolll I!J to IX p('(,('pnt \\"('al\:(,1' by both skl'in and singlt'-:-;tl':lnd l('i-'(s 
than f'itlwJ' of til(> otla'l' grHch's of this tl'St. 

In both tIll' :-;Iwin and till' singlp-strand stl'ength t('sts on 21,.; wal'p 
yarll. the Striet Oood Ol'dinary ('otton sho\\'('d slightly Ilwre I'('gu­
Illrity than for ('ither of the otlll'r two gr.'aclt's, This I'('glrlurity was 
('ol'l'clntpd with r<,gularity of Hizl! in th(' sln'in tests, In the' single'­
strand t('st:-; of 2Hs warp yarn, the I'eglliarity d('('l'('nsed with the grade, 

The bl'iHiallcP of the cottons <IN'I'ellsNl as til(' gl'adl' l)('('tlIllP lowe I', 
'1'11(' ('ottOIlS of th\' t1l(,('f' grad(>s J'etailll'd thpil' I'elatin' positiol1s witll 
respel't to lll'illirlIH'P throughout the l1lanufneturillg j)roeeHscH. hut the 
Hpl'l'ad IJl'l'alllP smallel' ai't('I' bleaching. 

SPl'ctr'ophotonl('/Tie 1l1f'IlSlll'('llll'nts of the 1'l'fIf'diol1 of light from 
tIll' g-I'Hy and bll'llell('d falll'i('S fOl' ('Heh of the tlll'('e grades ngl'('ell. 
ill gl'lll'l'al, with th(' brilliance llleaSl1I'Pll1l'nts. The gray ('loth, b('­
(,HU'S(> of its -,,(,lIo\\, ('0101', gun' a gl'patpl' l'('f!('dioll towill'd the I'('d 
('11(1 of the SP('('tr.'IIITl, "'hill' the bl'eadwd cloth, on the othel' hand, 
ga \'P 1Il01'(' llPal'ly til(' sallle l'(,Lativl' rl'flpdion throughollt till' range 
of wa ve lengths used. 

The a\'('rag(' numbel' of fine particles of foreign mattl'r ill till' gl'tty 
doth il1('rens('d greatly as tIlt' grade became lowel', but they largely 
disappeared after the finishing process. 

A reduction in the width of the gray fabric from 7:,l inches to about 
(j2 inches oteul.'I'('(l as a I'('Hlilt of tIlt' finishing Pl'Oc('ss, whereas the 
length inel'f'IlSed appr.'oximut:ply :3 pel'cent. 

The corl'l'etpd. tpnsile strength of l'itl'il)S of gray and of bleaehed 
fabries decl'cas(>d as the grade became OWN' exeept in one case in 
whicll Ow bl('adwd fabric fl'om lhe .MiddL'irtcr ('otton testpd warpwise 
was stronger thall the ('orl'esponding fnbl'iefr'olll the Good l\{icldling. 
Uelatiyel v, the tellsile stt'ength of the fabrie frolll til\' .Middling cot­
ton was inuch nearer that from the Good Middljng than that of the 
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Strict Good Ord inary cotton. Oil an average the corrected strength 
of the bleached fabric as determined by the strip method decreas:es 
6.9 percent warpwise and 19.5 percent fillingwise over that of the 
gra~ fabric. 

11 he bursting streJlgth of the gray and of the bleached fabrics from 
the Good Middling and Middling cotton was about eqllal and was 
much higher than that of the gray and of the bleac11t'd fabric made 
from the Stt'ict Good Ordinary eottoll. Bleaehing resulted ill a J'e­
,luctjon of approximately 33 percl'nt in bursting strength per squal't' 
inch for the fabrics manufactured from elleh of the three grades. 

Discrepul1cies between obsCI'\'ation and l'XjWrtutioll, nott'd in n 
few instances particularly in the euse of the :Middling balt" are not 
surprising when it is eonsidered that many of the important fibel' 
prop~rties which are involved in eotton ·quality. are beyond the 
provlllce of the grade factors and the grade deSIgnations. Thesf\ 
fiber properties~ moreo\~el', may vary greatly for a given grade and 
it must be evident thai only insofar as they collectively assume 
mean values for a given bale can that bale be said to represent tIll' 
particular gt'ade categol'Y' 

SERVICEABIUTY OF THE FABRICS 
By l\LIlIOAItWI' B. HAYS and RU~l'lI TIl. k)r,MQUIST 

In connectiou with investigations of variolls aspects of cotton 
utilization~ the Department is attelllptirl¥ to l'valtrntt' (liffel't'llt gradeH 
and varieties of cotton in terms of thClr relative usefulness in fin­
ished fabrics. In this study, sheetings made fl'om AIIlt'riean up­
land cotton, selected to represent the Gom} Milldling, Middling, and 
Strict Good Ordinary gr'alles, were Hubmittl'cl to laboratory and 
wearing tests. For tletails of the constl'lll'tion and manufacture 0'1' 
these fabrics see page (i. 

No investigations of the durability of known grades of ('otton 
when woven into fabricH art' !'eported in the literature although a 
few studies have beell made of the J"('lLetiol1 to launder'ing of f~ll}J'ics 
made of cotton of unknown gnHI(' and staple. The efi'N't of re­
peated washing on some damasll.:s, sheetings, and shil,tings was pub­
lished by Gr'iffith nnd hpr' ("owol'kers (B(j) and the durability of 
ginghallls and five whitt, ('ottO!) fllbI'ics wlwn subjec'ted to launder­
ing was reported by Ginter' and Rhodc's (:~.O. Fill'!',\' and I~dga .. 
(21, 24) lwaly:t.('u 109 ('oIl1I1lC'I"('ial bI'amb of !>Ill'eting and til(', <\('te­
l'ioration of 5 of these due to laundering was stucliecl by Griffith 
and Edgar' (;3/i). Mac.'Dollald (,](1) r'('pm{('d an illVt'stigatiol1 by 
COnSllI1lPl'S' Rp!;eareh, In('., in ('()()peratioll with tlw Nt'w England 
],,\tlllldl'it's, on the loss dlle to washing alld to washing plu:; irouing 
of 10 brands of sheets having the largest volume of sales in :~ 
Boston stores, A prelimin:ll'y rt\pol't (ii) has been published by the 
Cotton Textile Institute of a Htnely Iwgllll in 1928. m which 24 mill 
bmnds of sheeting were !;ubjeeted to actual sel'\'iee in the Grass­
lauds Hospital ill W('ste-heste')' County, N.Y. Carpent(,1'1.2 and 
Miller 13 hlwe cOlnpur'{'(l tilt, (lptpl'iomtion of :;heets washed at u. 

"C'Anl'E~'l'I'lIt, C, ID. COM I'AJlA'!"I\'J-) A~oII.l'HIS nt' ~INN IIIIAlm!; OP Hln;~:I'H. 1 !l2R. [Un'
puhllslwil lIIuatl'r's thesis. ('opy on IIh' Depi:. 110111" B,'onomicH, Hlllv. C'hlt-ngo, Chlcugll.] 

1:1 ~IIJ.IJEUt E. hI. AN ANAI.,),,'l'lC..U, H'l'UUr 011' COM ~IJ':IU'IAJ.I HH(\.~~IJ:) (.J1.~ HIU)I~'l·M. 1!J20. 
[TJnpublished muster's thesis. l:opy on Ole Dept, UOIIIIJ IiJconomics, Un Iv. Chicago, 
Chicago,] 
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commercial laundry and in the laboratory. The effect of commercial 
laundering on 24 brands of sheets was also investigated by Millard 
(1) in a study in which they were washed 160 times without wear. 

The grade and staple of the raw cotton used in the fabrics was 
not taken into consideration by these investigators and they did not 
follow the chemica'! changes produced by laundering. In the present 
study, changes in the chemical, as well as the physiCtll chttracteristics 
of the sheetings were investigated. 

WEARING TEST 

No labomtory test has yet been devised which approximates actual 
service conditions. Therefore, in order to study the reaction of thesH 
gra.des of cotton to weal', the finished sheets were put into service in 
a '~Tashington hotel.JA This hotel mainta,ins its own laundry and 
the staff cooperated to control the conditions both of the use and the 
hLUnclering of the sheets. Variables in laulHlering procedure dne to 
changes in pel'sol1nel during tIll' 2% years th~ test was in progresR, 
were not significant.

Thirty sheets of ench of the threp grades of cotton werc marked 
'with an indiyjdunl identifying l1l1lnbl'I·. Befol'c being IIsN1, t1wy 
were given 2 hot rinses and 1 cold rinse to rel110ve the finishing ma­
terial. Afit'r the excess of water waR 1'(,:1110ved by extraction, they 
,Y('re ironed. driee1 thoronghly, am1 pnt into scrvice on It transient­
guest floor of the hotel. The beds had no rongh edges on the fl'llmes 
01' springs Wh1C'h w()ulll CHllse l11H1111' wear. 

Two sheds WPI'P llsed ppr beel pneh day, tJ1P widp hel11 always being 
placpd at. thc hea(l of thl' bl"l. It.is assllJllPd that OV<'I' a long period 
paeh wus \lsell an eqllallllll1lbpr of times as t.he top aIH1:lR tht' hottom 
sIH'et, :111(1 that, the w('ar was llniform nl: any tCHting period. All 
sheets, exc'('pt those I'PI110\"('(1 fOI' teHting, wpre llHPcl HH long as sprvice­
able. Aceonling to tlw hott'l I'olltinc, thos\' lanIH1cred one da,y were 
1I0t put Oil the bN1s IIntil the lI('xt da.y, bllt wCl'e stOl'('(l ovcrnight 
to permit thol'ollgh (Irying. Approxilllatcly half of the lot was used 
{'Hch day so 1111 th(~ sll('Pts W(lre in almost ('olltinu()us service even 
though some of tllP lwds wcn' not oCC'lIpipc1 C\'Pl'Y night. 

Each 1ll00'ning tllP IIser1 shepts were collech,,(l a.nd sont to the hotel 
lllnndl'V, wllPn' thev W('I'(' lwld until a workel' from tha Bureau of 
Homc 'Economics a'I'I'i \'cd to watch the washing process. A record 
was kept. of the time l'('(]uil'ed for pach suds, rinse, extraction, and 
ironing for evet·y day any of the sheets were washccl. Any variation 
in method was Ilotp(i on this I't'col'd. 

l1'01' the first 4 months till' washing proee(!ure was It 15-minute suds, 
which WlU,; staded cold and into which the Hte!tlll was tUl'llerl n.iter 
It fpw millutp!;' running, 2 hot rinse!;, eaeh 3 to 5 minntes, and 2 cold 
rinses, e!tel! 3 lIlinut(1s long. Due to pel.·sOlmel changes in til(' Inllndl'Y 
the method IIsed for the rpl1Hlinder of the time was It cold breakdown 
of 6 minut<>s, Ii. hot suds (a,pproximately 1600 l1',) of 10 mill utes, 
sometimes anotlwl' suds, depending on the load, 3 hot Tinses (1200 

to 13(0 ) of 3 to {) min utes each, and 1 or 2 cold rinses (900 to 1000
), 

each 3 to I) minutes. As it was not possible to control the wnshing 

11 A('IIIl()wh'cJglII!!lIt Is IIIl1d!' to Mllry Lfnflslc~', 1Illlllllg!'r fir tlw DOll!!!! notel, WItRhlngton,
D.C.. for exh'nrllng tlH' fllellll:h'~ of the hob'l for thIs stmly, nllil to l"11I1ny JI'lfrI'Y. of the 
hotel stuff, for "llfll'l'l'lItioll III HlIlIl'I'vlsfllg' the Hl'rvlcl~ nlHl the 11l\lIukrlllg of. the sbcctH. 
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tempel'ltture automn,tically, only approximat.e temperatures are re­
ported. 

'1'he first year, a soap solution was used of snch concentration that 
the wheel contained one fonrth of n pound of soap chips and one 
eighth of a pound of soda in 8 to 10 gallons of watL'r. The remainder 
of the time soap chips alone were used. III aeconlance with the 
regular hotel practice, no bleaching was done and blning was added 
to the last cold rinse only during a month each spring. 

Arter rinsing, the sheets were extracted 7 to 12 minutes llnd then 
ironed, selvage to selYage, through a 4-ro11er mangle hertted with 
Rteam at 65 to 70 pounds pressure. The sheets were al'ways folded 
by hand. 

The daily r('("o1"(1 d the identifying lllunbrr of eaeh Hhert waHhetl 
,,'as obtained when it was folded. Thll:,; it was possible to determine 
rxactly how many timeR a given sheet was lanndererl. A chart was 
kept for each Rl\('('t:, breaks being recorded thereon as they oecnrrecl. 
The area, kind oj brenk, and number of wnshes at -which ea('h bnmk 
appeared wel"(' 1'l,t"0I·dpcl. '1'11(> sll('ets were then l'epair('d ill the hotel. 
ll1('nding room nnd returned to selTice. 

Orc1in,u'Y ;;tains were rPllloY('(1 by the regular washing or by soak­
ing in thc' soap tank overnight an'd then rewashing. This nild any 
other nceessary Hta.in-removal treatment was n'conl('(l. Shl'ets for 
testillg wert' Heleet('d at randol1l and of these only two had ever been 
plat'E'd in the !-'oap tank to 1'('Ill0W stains. '" 

I,ABORATORY TEf:lTS ", 

011(' I-ilteet of eaeh gl'll(lc· of ('ottOIl was 1'('lIIo\'p<1 at intp!'\'all-i (tablP 
1R) 1111(1 tested for weight. tlll'cad count, thicknpss. and breaking 1111(1 
bUl'sting strcngth. All samples were con(litioned at least 4 hours 
berore tpsting in a room maintained at 70° F. 11IIcl (iii peL'cent rel'ati.yc 
humidi~y.. Fluillity, cop pel' numbcr, and mel-hyh'lH: blue absorption 
deterllllllatlOns WE're also macle at the same test pCl"locls. 

SAMPLINCr 

The al'ea, 22 ineiws wiele ancl 71 inches long. most probably 0('­

eupied by tIl(> body as shown in the diagrum given by O'B"i('n and 
Steele (44-) was llsE'cl for sampling (fig. 11). Breaking-strength de­
terminntions \\'('1'(' macl(' wil-h strips taken at thE' plaees of probable 
maxi.mum ""PIli', HVllll)lctrical to the eenter line and seleetec1 RO that no 
warp or filling Uil'pacls were cluplieated. The seetions B, C, and D 
eaeh sl1pplied [} Wlll'P and ii fiNing strips and 3 bursting-strength 
sampll's. In addition, thl' A, B. and C seetions (,:teh fUl'I1ishecl 1 al1<1 
the D section 2 Hamples -for determiuing the weight pel' square yard of 
the fabric. The middle ('old waR t('stec1 for breaking strength in foul' 
places both warpwise nncI fillingwise. Thickll{'ss and thl'elul count 
were determined on tIw pieees used £01' the weight (lpt{,l'minat-ioIlH. 
Sections A, 13, C, amI D were sampled for the fluidity and eopp('l'­
number determinations. A composite sample of all" fom spc-tions 
was taken for the methylene bhlP absorptions. '1'11(' I'PInnill(lel' of 
the sh('pt was Ils('(] in the il'oning stndy (s('(' pp. 48 to (4). 

!c. 'l'he IlSSistallC(l \,('Ildel'~!d by .leanne D. GUl'rlu, of the llurellll storr, both at the hotel 
IInll In till' lalJol'l1 tlll:y, is ~rtltl'fl1lly Ilciwowlc(\I(l'(1. Dul'is M. BuclHl 1111 II, forlll('l'ly of till' 
Burcau staft', tl~sisl:c<1 with the chemical determinations. 

http:rel'ati.yc
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I It/SUALLY OCOt{,o/EP BY BOPY 
IlIIill1llllllD FOLLJELJ tiAlPE..e I'?ATT..eErSS 
1-:-:-:-:·:·:·:1 CO}/E..e8 EPGE O,F #ATTRE&S 
~~I EPGEc5' OF BEP t/rSt/ALLY IVOT OCCt/P/EP 
-------- S77TC/1'/IVG OF h'E# 
---CREASES CAt/rSEP BYFOLP//v&­

1"IGI'IIl~ 11.-PIIlD of Wyout: fol' ~ulllplill/.: Illllllllpl'P(1 SllPl'tR, '1'11(> PllI't o('('uJlil'(l oy tll\' hedy 
,,'liS 1.·PAtl'd. S(O(,tlo,,' A is nruhwrlly o<'('t,Jplrci ll~' Ill(' pilloW. );\'('tiun B hy th0 shoulders 
'111(1 bliCk, sl'clioll (' u~' the 11 Ips, HUI! H<'ctlOlI IJ uy tile jpgs lind [ept, 
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At the beginning all tests were made on the new fabric of each 
grade. In order to study the effect of aging only, two control 
sheets of each grade of cotton were stored when the others were 
put into service. Every time a lauudered sheet was removed for 
testing, breaking Rtrength alHl bursting stl"Pllgth drterlllinations 
were made on the stored fabric. TIlt' salllples from these eontrol 
sheets were selt'("ipd to Ill' rpjH'l'spntatin' of till" PI1til'(' sheet, BOIlt' 

being taken clospr thall 1~ in('IIPs to tile selntgp. 

\\'~:JGlll', 'J'HJ:~;All (,Ol'X'l', ANll THI("KX~:'-;", 

In determining the W(>jg-ht, 2-inch }iliUM'PS weI'(' stamped out 
with a die and ,veighed 011 a torsion balanee reading directly in 
ounces per square yard. The number of threa(ls ill all iJ1('h both 
warpwise and fillingwise was determined with a thl'ead-eounting 
micrometer. Thickness was measllred on the same samples with a 
micrometer gage graduated to read to 0.001 inch, which exerted 
constant pressure 011 a giv('n arl'a of til(' fabl'iC'. In each of these 
tests, the aTerage of five readings ,yas l'Ppol'tpd. 

BRE.\KING S'l'RENC I II 

The strip l1Ietho(1 was (sed for dptpl'lllinillg" the urpuking" strpngth 
of the sheets. III accordance with the method reeolllmentled by the 
Federal Specifientions Board (.jJ) , sampIPs were (,lit 11/.1 oy G inches 
and raveled down to exactly 1 im'h. The penduluill-t,rpl' tpsting 
machine with a eapaeity of 150 to 300 pOllJ)(ls "-as IllOtOI' driwn. the 
lower jaw tra veling down at the rate of 12 inches pel' minute. The 
dist!l,lJce between the top tllHl bottom jll\\'l:;, ;3 indH's wide ooth 
front and uudr, wus !3 inehes. 'Val'p :11)(1 filling speeimens wer!' 
\woken aIlll in each l'use 15 VHitWS ,,-pre HYl'l'Uged. 

I'll(' steel-hall attaciln}('nt for the testing machine was used to 
determine the bursting stt·ength. Samples wet'e ('Ilt 4 by 4 .inehes 
and the :\\'erage of llin(' dpterminutiolls repol'tt'd. 

SRRIXK.\GE 

Each shet't was measul'P<1 bt'fot'l' going into St'lTi('l' and again 
aftpr being removed. The length was measured in three places 
and width in fi\'e. to the nl':lI·t~st onp sixtppnth of an iJ1('h. TIll' 
shl'inkage was euleulated i~rOlIl these IIlP:lSlll'eml'Ilts. 

F1.1"IDI'I'Y 1 X (TI'R.\.M ~!oXlT'~[ S(lLTITroX 

Thp fluidit,r (,-is('()sity) tl'sts WPl'P IlJa(lp with soilitions of cottoII 

ill Cllj)l'ullll1lonilll11 hydl'Oxidp at 25° C. by IIlpans of capillary-tube 
yis('ometl'rs. Binel' tlH' (i<'tails of til(> J1lPtllOd lIsl'd "\\'('I'P dp\'l'loppd 
ill ('ol11wction with the ironing stUdy. the descriptioll of tll(' pro­
cedure is given 011 page 53. 

'rhe fluidity values were calculated in eenti llIPter-gram-second 

units by the equation F = C(/':"p) where F equals the fluidity, 0 

the constant of the instl'lllllent, q the l':ltt' of flow, and the quantity 
(P-p) the a\'el'uge pressure causing flow. The value of 0 is given 
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the internal (lianwt('r of tlte eapillary tube and L, the length of the 
capillary. The !lll:lJltiti('s rI and L "'('I'P ().l1;~O and !J.2:-3 (,PlltillleteI'S, 

l'espeC'tiYely, for tbi}; "tuely. p~.p is ohtuillPd frOIll flow pl'eSSllJ'e 

~raplls (fig. 17) whpl'P tilt' pn':,sUI'(' lH'tlll, P, is piottpd as alJs('issa and 
the rute of flo\\,. fj. as ol'dillatl'. Tltt' intl'l't'('pt Oil tllP Pl'PSSlIl'P axis 
gi n':; til(' yjpld ra 111f', /1. 

Thp method ado]Jt('d was til(> samp as that clesC'J'ib('d in the ironiu/! 
study (p. 50) ..\naly;.:ps WPI'P Illa<ip \\'ith Li gl'alll~ of the finely di­
\'ide(l conditiollPd lIIut('l'ial and tlw 1'('slIlts Ul.'C recorded ill grams of 
copper reduced pel' IO() ~l'allls of dry ('otton. 

The titrimetrie method of Clibl)('n~ and Geake (14) was used, in 
whi('h tit!' disiIltP!!J'Htp(llJlat<'l'ial wa:, tn'Htpu with a bllffel'(,d Illethyjent' 
bllle ~oluti()l1 of 'pH T. TlIP HIO;.;t wom ~11et'tin:.rs ausorbed so inueb 
Illpthyl('IJ(' IJlm' that O.:3-gI'HIIl "alllpl!'" 'l"PI'P !'lIiJstitlltpd for tIl(' 2.5­
gorHlll quantitips 1'('('OIIlIlH'lld('d IJY ('libllPlls and G('akt' (14). Sim'p 
llwthvlel\{' bill(> uu::;orptioll Y:lItH's IIlay \.)(' l!I't'atly infhl\.'lH.,(·t! by til\' 
pI't's(;ncp of tracps of alkali 01' t>OUp. 'the Ilwt('riul::;, prpviouti to till' 

absorption llleaSllrellll'llb. W('I'{' sh'ppp(1 fOt, 1 hour ill -~ sulphuric 

Heid and tl1('11 rinsed alld :..;t(·Pjl!'c/ ill (Iistil]pc1 wat(·I' 1I1ltil tIle washings 
\\'(,I'P 1H'lItraL Tht' a/J:;()I']ltioll is I'xpn·>-.<,;(·d in lIIilli.lIlols of IllpthY/{'np 
bltw pl'l' lOO gl'llJ\I;'; 0 f II ry {'olton. 

RESl;I·TS 

Tbp chang(· ill weight of t11t' siwt't,c:; after the first wash was not 
appl'eciubll', but tlWl'P wat> a :.rl'atiual loss ill weight with t>PITict', 
:1!; !;hl1\\'ll in tnb]!' lH. ({nul(' Xu. H (Stl'i<'t Good Ordinal'Y) was 
lllway::; slightly ji/!llt!'I' thHn g:ru<il' Xo. :~ (Uooel. :\Ii(ldling) or grade 
Xo. 5 (Middlill:.r). and tllP loss in W('I:.rht for g:r:ldp XC). I:) at :W) 
washes was til(' "alll\' a,- foJ' !!nldp,-; Xos. :3 lIlld 5 aftt'1' 240 wHshes. 
Thi!; St-PIllS to illlli('at(' that 'art('J' a loss of :W p<'I'l'ent (0.8 OlUlC(', 

approxilllatply) shl'ets aft' 110 lOlJgPI' S('l'vi('pablp. Tlwst' three cot­
tOllS WPI'(' all lIlade ilJto sit{·pt" of lllP.Jilllll weight, so no generalizll­
tiOll can bE:' m:llip as to \yhat might apply for lightweight or bl>lI\'Y­
weight siwptings. In tllt> ol'dl'!' of incl'pasing w('ight, the gt'adl'S 
ranJwt! Htr!ct Oood Onlina!'y, Middling, and Good Middling. 

'l'lw \'Hl\1t's for thn'iHI ('IIIIIl! lll'P nlso /!in'lJ ill tabl{, IH. TIH' 
llllmlw!' of warp thn~ads [)('l' i Ileh d<'(,I'pas{'(1. w/till' th(' IIlImb('!' of 
Jilting thl'pads jnl'l'PlIsl'd with waslling. This eilange wus expel·ted. 
as tilt' sht'(~ts W{,l'l' shrinking ill ll'll;,..rth anti stretehing in width. 
All th(· fabril's sllOw('d a trelJd towilrd th(' !;UIlJ(> nUlIlbl'1' of thrt'ilus 
in both warp and fillillg: dil'cetiolls :11'tVI' l~r) waslws. As shown 
in thili tabjp thidi:ll(':-;s ill('l'('llS('t\ with tllP first w:tlihing due to 
!;hrinlmw·· III all ('ai'ips tJl<' nll'iatioll in thickllC!;S was slight and of 
the same orciN' as the ('1'1'01' ill JI)(':Li'iIIl'iug, ' 
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TAJlI.~; V',,-··'j'lIrr'(u7. ('II//'/I!, '/I'd!lit!, III/d. l"il'l"I1("~'~' af/n' n'/wII/1'1l 1f/1/l11/r'I'iI/{f,~ 
Ulld. 1f'CI1I', {II/' N/t('('!ill{fN IIUII!I' [roll/. IIII' ,I .~I'i('('/('d ('(jIl(tII.~ 

Test 'J'I 1 . 1 ' IlreUt s per lDr 1 I Weight j
JX1Tiod 

Grade of cOttOll {tinw~ .~- ..-~-. """- -", sd~~re ~11hiekness 
(utln­

<I('«'tll Warp Filling I YlInJ j 

Slim"" XII mh< r .~·I/IIIIJ;; 1 Ol/71ces I--;:~~ 
! Tl ; (~l, I ~.07 i I O.(K~J 

~ ~~ : Ug I :811I 12ft 
~~ 

G!I 05 ' 3. ,8 i .010 
(lood MidlilillJ! (1':0. ;lJ.- .•..•••••••- ....- ••.••.••.•• t 	 150 

175 ~ci f~ ~:~ i :~:g 
~'(]() 70 OS 3. TO '. .010 
2'15 ,0 li!J 3. f;() ! .010 
24U ,0 (;7 :l.:H .010 
'0 ' '72 1621 14,01 I,OO'J 
I 72 (i!i t :t~J8 .Oll 

75 70 {i7 4.00 ,Oil 
12S ;0 (i7 3,76 .010 

?oli!ldlin!: 1:\0. 51 ....................... _........ _... l;M 6!J f~j 3.li-l ,OW 
17[, I>~ 67 ';.C,o .~;O 
~'OO 6tl r., :l. 7,) .010 

{i, Gil I 3,~'6 .009~~ ; 
to ~i . lb? ! 1t~~ l:~ 

1 72 (hI 3. !JO • 011.. , 
Il,~ r..'i : •• 70 .011'" 12"") r., . GO : :l.~~ .010 

:::tril'l (100<1 OrtlilJury (:\0. ~L .................... _ 	 J;~I [,I 3. [,(J .010 
1Ii.1 U5 . :I.;~~ .009 
17!) (j6 3.:l.J .010 
2(K1 (;6. :I.24! • III 0 
2111 f;.1 :1.12 ! .010 

________ --.-------..:----~---" - ~.-._____-'-I__-

Tilt' ll\·P/':lI.!:t' bJ'pnking i-otJ'l'llgtll:-; of tlit· B. C. alld ]) !-;('('tions a/Hl 
llJiddl(' fold 'of the :;h(:('ts H f't<:r vHrioll::; Ilt'l'iotls of wpar are shown 
ill ta[llp IH awl figul'p l:L III all U\J'('(' gradps tIl(' l)rpaking ~tJ'{.'llgth 
of the B !-.l'dion wa:-; alway,; till' 100wst. ,yhil(' thp C and D seetiOIJR 
weI'l' of the ii/lIlIl' Ordl'l'. 'Contrary to tilt' l'P:;nlts of an analysis of 
iilwl'ts pre\'i()u~ly used at tIl(' hott,j (44). tIl(' ~trl'ngth of thl' iniddle 
fold 'ya~ no ]mypr than tiJat of til{' ~('('ti()n froJl\ whi('h it was takell. 
'I'll(' St/·jet Good OJ'dinulT l>hppts h"d t), 10\\,('1' initial breaking 
iib'plIgth. but tlw g('llprnl 'llownwlml trp/Hl was tIl(' saul{' for all 
thJ'('(' gradPK 

Thp loss in brl'aking strt'"gth as ('ompal'('d with a .lIl'W sh(>(·t of 
('Hell gm(f(' is g.in'll in table ~() lllHl plottpd in Jiglll'(' lao The gl'i'atel' 
Joss ilJ thp breaking stn'ngth of tIll' warp up to if; washes is probably 
rim' to til(> Io::;s of sizillg. ~\. ("olllpal'isOIl of til(> loss ill sh'pngth of 
slw(,ts wash<.'d 011('(' alld 7;; tinll's shows that app]'oximatply half th(' 
loss in thE' WIII'P <!tll'illg this int('l'\"nl took plat·p in till' first wash a" 
did all1lost all tIl(> los~ ill tlH' lillillg. 

A lallnd('rpd ShPl·t WOllld apppar 1'('latin'l.\' strongPI' a:; :I l'Psult 
of shrinkagl'. For ('OIlIIJ:lrisoll. tlwrd'ol'l'. till' an'l'agp lJ/,Nlking 
Htn'lIgtil:; \WI'(' e:ll('ulatl'd for a ().J by (j.J fabric. wllieh waH the gl'ay 
HI)t'('ifi('utioll (Laul(' ~J). 'I'll(' i Il(kx ralll(·. tilt' a \'l'J'agl' l)l'l'aki llg 
strcngth in pOIlIHls diyi<il'd by till' a\'('l'agl' thl'l'ad ('ount. waH ('0111­
pu/;pd for lJoth til(> warp alld fiLling dii'P(,ti/lI1:; (tabI€' ~2 and fig H). 
'I'll(' strpngth-w('ight fadm', t1w Slllll of tilt' wa I'p Hlld filling breaking 
strength in pounds divided by the weight pel' square yard in OUIl(,es, 
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is plotted ill fi~ul'(' 15. By both IIIPtho<l" of tOlllparisoll, gnHle No.5 
is hi:rher than 3~ wilic-h in turn is aboyc H, l'xtl'pt for the inyersiOIl 
of 3 alld ,) itt 1:2;) and :2:25 washes. 

'l'.\ULE l'J.-Brcukil/!/ "'lrcl/gll,, of '/:ariOUN lH'(·fion.~ of I!h('I'tiu!lN 1/111(/(' from tlw 
.1 .~c/('t'f('(l t'oflol/.~ les[('el aflcl' N'/wofnl l(/Il/Id('ri/l!f.~ (Ill/[, 11'('(/" 

Ilrrukinl! stn'ul'lh : 

-------..-	 ---- ­~.---.-----

Filling 

Grade of cottou 


------ ..-- ­ ~.-. 

Good i\liddJiul! (;>;1), :11_ 

:!2.S 
22.0.\Jiddliul! C;>;U, "j 
IS.S 
lfi.!i 
JO.:I 
~.Ii 

Ii.;) 

.2(1..1
~trh-t nfl(ul ()rtiirlllQ ; 	 20.1 

(;>;0, h). ,. . 	 15.0 
12.il 
12.s 
S.O 
7.4 

1 f::trip tIH'tiwrl 
1A'cragc of cOlJ[rol~ ror ~ [",I. J>t'rioUs. 

T.\IlLi': :!().--J,(JN.~ ii' I,/"{'"I"jllfj Nlrnlflilt of Nill'('/i/l!l'~ 1//(/.'1'(' {roll/ till' .1 8('/C'!'/Cel 
('o/f(JI/.~ /(wll d IIf/I'" (lirr('rl·llfinl(,I'I.-(ll.~ of 8CI''Vi!'e 

--------~-.----

Loss ill hrenkillA strl'u):l.h 

Q"0I1 ;\[i(ldlillg 
1."'0 :11

Test period (t illle~ lauutil'relb 

1 
75 
121 
1[,0 
165 ... 
li5 
200 
210..• 
2'.!5...... __ 

lit.!r I240.......... .. 


.---~ ..----------
iO.~ 	

I' 



---

32 TECHNICAL nrLLETlN 40(j, e.s. DEPT. OF AmucrLTURE 

~~ 
~ d :p" //j 

, ,~ /
1# ,,dV 
l~ :if , 

! I II 
If ~ 

r-- --r-c=r_ "_ ,~~ 

/.~ ... 
- - - ~. 

~ )f V 
):Vf----t----~ ­

/;,If'l ,;7,/ 
- ~"....,.~I--- . ~-- --p;V'/ ,'1. 

" , __tIf-- -' 4:.~.' 
","I. 
' q'

,,'/-'/r; 
/ 'I 

J// 
:/ v IIItv 1 

"t., If 

>V'
V ./ / 

I~/~
.f7r7 
[( 
~ I 
~ 
'l 
~ 
~ 

L) 

~/ I" 
./~:..'v 

II I " r 
,: / • 
/ 1/

/; 'I 

,1 17 
' ­

~ 
~ 

-.~ '-'._- ­
' l 

~ 

~ 

~ « 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ \)~ 

(.!'<7/V/lCJd.J N.L-6JiV.?d'.L.5' -6J/v/,¥V'.?.iY.I? 



YMtNS AND SHEETINGS FHO",l TIIlmE (lJL\J)I~t; OF l'OTTOX 33 

'··If.(!ln; l:t LIJl"s ill a'~('l·u,t.:(' ht·pnking stl'PII,!!th or lutllldl'r('fi xhl'l't:-; HUlet It or th(' thrCf' 
~,'I"('l('(1 rllllilllti: ~I, Wal'pwl~e; 11, fillill;:;wi~!', 

'j',\BL~;:.!J. ·81'("1/,11111 II/nUl/III ("(II"I"('('/n/. 10 (I. IIi /)/1 Iii C(}II.~I"'/f'li(J1/ {or 1I(,1f' alld 
/rIIlU(/I'ITd IIII('clill!/1l 1//(/(/(' {rom /lw.1 .~d('(·lnl ('()/I(jll,~ 

I TlIkclI (rom II. 21, 

Bursting' str('Ilg'th 1>1'0,,('<1 to Ill' a sOIJl('what ina('(,III'ute t(·~t,as 
tlll!/'O was eOllsiderablp variatiolJ ill til(' ifHLiddunl "UltWH, parti(,ll­
lady Oil Hbwd (aurit,s, The vallieR in the respective grades after 1 

l nss]" ~e 34--3 
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amI after 75 washes are within the range of the values for the con­
trols as determined at different test pl'riods. There was, however, [L 

continual drop in bursting strength after 75 washes. This is shown 
more cll'arly in figlll'(' Hi, ill which till' milles of table 23 are plotted. 
There is a (,OITPlation iJphn'l'1I \mn;ting str'l'I1~rth and £abl'ie failllI·t·. 
BI'Puks apppal'('() wlwn tlw blll'};ting stl'ength was appl'oxirnatt,ly 28 
pounds. This 0('('111'1'('11 at 1~;') wHshes fol' Stl'i('t Good Ordinal'V, 1Gf) 
waslws for Good Middling, nnd 17;) waslws 1'01' l\fiddling ('ottOI), and 
cor'I'(lSPOIHls to till' aVl'l'agl' tirne of first Ln·ak. as showlI in table 24. 

1'AIILE :'!:!.-Illtlew. 811I'ill/.'(/U(', (/'/Id ,~/."("l/ulh·/I'eiu1lt f(l('tar for 1I('/!, alld /al/lld('l'ea 
NI(('('tillf}H IIwde fl'OUI /If(' 3 H('/('('tc(l cottons 

Index l Shrinkllgl)'I'rsl 
period Strength·I I.. I~~-.. ~ 

Grnd~ o! cotton Climes , weightI I I IInun· !uelor'Wnrp Fillin!, Wurl' Filling! "erN!) 
i --- ­
} ~\"'( mher t 
, '0 I J 2.1. i~:"1-= ;,:~~, f':~~'

• i2 .53 -3. I - J. 1 2O.S 
'ifl .65 50 -6.4 I +.1.,\ Ill. 4 

I 'II 125 ' .54 . 36 -7. '\ \ +3. 7 16.2 
Good :Middling (No. 3)_••.______ I lliO: .41lt .21i -1i,7, +n.o 12.11~ _ ~ w ~_ 

175 I .41 1 .2'J I -7,2 1 +4.2 It. 4: 20:1 .:lIi I . IS - 7 :; I +1. 1 IU! 
! 2"...1'; ':{~f .15 -i.dl +-4.7 9.1; 
I 2·m .27 .Otl I -5.3 j +07 I.r, , ~ 0 i '.M t 1.1l2 - 3!?·LS 
1 

1 .721 .,;1 :':a.fJ 1 +0.2 21.2 
1. , ! .l1fi .·W +1.0 I!t 7 

t'!!" i :~:'l ! +,1.·1 1,'i.1I 
"Iiddllng (No. M............. _...... __ i Ifill : -7.a i +:;.:1 1·1.:1:~:I :~.!t.! +5.:1J • J!J -7,() ! 12.3 

1 lJ~ i .:m , IX -7.S +5,2 10- 5 
2'151 .:l/ .12 -7,n +1.0 11.0I 210 ·:10 .011 -6,V +3. Ii 1'.0 
'0 '.71 1 '. ,III I :20.:1 

I .·\11 -'!.S -0,:1 18.\1.il;) I 
70i · r,s .n -O.fi +1.;' IS, 2 

J25 .·14 i .:.?fi --0. i +,j, 7 1:1.7'''''' 0,,,, On';",,,, (N,,_ ~_•••••••••• _ ~ _10 I ·j-,S_" LI. !l150 .Zj -Ii,S 
W5 :J:i , IS -5.2 +:1.0 10.7 
175 . Ii --7.2 +0.7 10..; 

, a5(~'O() .25 .10 -S,O +1.11 7.2 
'!11l .25 .11 -7.11 +5.:l 7.S 

-------'--.,--,. - f 1 
~ --"~---

1I\'~rng(' hreak!ll!! ~fT<'nglh in POI/IJlls 

1 Ind~x--= nn~rnge thrc~,d count.-- ,~h' 


. W breaking strength ill poulllls+ F Im'akln!! slrellgt.h In poulllls

'i;lrength,wCI!(ht !1I('lOr= -' - --- ---\"i!igllt'i,ers.l(lllrCS'iii-ilTt\,)ttnces. 

3.A \'cnu,w or ('olltrols (or H h~1.j:1 periods. 

rl'.~nl.g '!.a.-llll/wtillfl 8ln'lIfllh (If ,YIII'r'fill!l'~ /11(1(/1' /1'0/11. till' ,/ .~('I<'('f!',l ('o/tl)ns, 
t(·,~t('tf, ((fIl'l' rC/I(,rI/nl /flll.J/I/('r;IlU8 (/cIut 1t,,('(lI' 

------;-~--------~--.- ----- ~-- ,~----------
Bursl iug ,;trt'u~lh i Bur~lin~ strengthI 

'I'c.,"ll pl1riod c.f hnllS 'J'c.~l Iwrind tI hJles 

Jnunc\ercd) Iliumiered) 


----·----1 -----1--------- -.- ­
/.I01lllfltf • l'oullIl.'f P(}umlif Pn/lmt. l'OUf/d.. Pall "'/,' 

I ,')I,(j 1 15!/,(j 1 :!S.2 1;;1 _........_.. _._ .... ~.r 2.1_ a 27.9 20.4 
r~. J flO, a 40. ti ~'OO •____ ........ _._ !!2~ ZI.7 14.0 
r,;!, Ii 50. a ·14.7 210..... _... _.... . 

~-'Z.!.'fi:lfl_1 '11.11 211.9 225.. ~ ... ~ .. ".... _ ... _~ • -. 20, \I I" ...--~::~ 
at S :i5.·1 ~!i. 7 240............. . 11.6 10. U ...... __.. 

17,l; 

--------_. --...-----.------.-!---~----"--'----'----'----
1;\verllgc o[ controls !or 8 lesl periods. 
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tilll(' of 1'(,lI1orillU {rom 8('/.,,-i('(' {ur 11/11'0/8 'III~ld(' of tll(' ,/ .~('/I'('/(·d (~(JI/I)IIH 

'First hn~lk occurred '_H~_mon.cl from 
__ S~lr\,i«l~ 

--,----1
Grade o[ cotton AY(!r· ,\ \'ci'­RIl I1 V'l"­ nl\r~e

ill·Wl F:wm'· :lgt' ;.
rtilllc~ (tin)(~1{{tillw$ nnl dl'\,j ... l Wnl(ls1ulIl1- hlurl'1111111' ulion r. hUIll'Idered) dl'rl'dJ'l~n-<11 den-d) 

~'--l 

NII/llber .;Vllmbrr I :S'umber SI/mba
Good Middling (No, 3) .............................. l23-WS \lin 11; !!22-$1 237 

Middling (No.6), .................................. t:li-205 ISO 151 22:1-252 2:\0 

Strict Oood Ordlnllry (No.8) ...................... . I02-1i7 1-11; 20 1117-217 20S 


I Averuge or ~I() sheets. 2 A \'eruge o[ 24 sbeets. 
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'I'll(' shl'illk:rgt' I'llI' :-;Iw('ts I'Pillowd fl'olll sl'ITi('(, i;.; l'hown in table 
2;), ami Jndicuips that ni't\'J' I:) was\ll's tilt' {'hung!' in dillll'IlSiollS was 
ypry Hligllt. ...\.ppm'(·ntl,r til(' gain in width WIIS ('alll't'd oy always 
il'olling.hom ;.;('h'ng\' to Ht'lnlge. Thi;.; agl'('p~ with tilt' ObS(,ITutiom; 
01' )[p('\pw (.J;i). Thl' eha ngl' ill a I'I'H. i;.; Hlighlly gl'patl'l' than thaI 
/'('portl'd by tilt' ('Ot/Oll T('xtil!' Institlltl' (.j). '1'11(1 \'Ill'iatillll ill 
Hltl'iilkng\' foJ' tl1l' t!J)'('(' difJ'l'/'C'llt fabl'ies is Ilot sigllifkullt. 

'I'AI!J.~; 2;;,·.1/'('1"111/" NII/'illk"I/" (If NIlI'( lil/!I'~ 1 I/l(IrT,' frol/l IIII' .1 ,~('/('l'I,'d ('(}If(/II.~ 

Parent 
-,til 
-4,4 
-3,7 

1 Avcruge of 30 sheets, 



None of the controls of all grade>; which were "tol'('d showed a loss 
in breaking strength duriIlg storage. Any variations noted in the 
breaking strength were of the same order as thOlil' dill' to sampling. 
The difference between the valul>s at the beginning of the study and 
the averagp ndllP of the C"ontt"Ols in (':te\t easp isinsignifieallt:. BIII'st­
ing strenglh <lot'S nnt sho", lilly \':II'ialioll Ih:ll (':Ill Ill' aUI'ibllll·d to 
till' pifp('ls of ~t()l'ing. 

TIlt' jifp of tIl(' Shp('tli as l11l'llSlll'(·d 1)\' tIll' Jlull1bpr of tillles laun­
d(,I'l'd is gin'Jl in tablt· ~.J.. Tht' six o( each gmde used for testing 
are not induded. 'YllPn, in the jmlgnwnt of the workers, the sheets 
w('re too ,,\,eak to dal'll 01' patch, thp~' wel'e l'('llloved from serviee. 
Since this pPl'sonal elt'IllPnt was iJ1\'olved. t!J(' distl'iblltion of the 
time of fil'i-t IJl'pak was abo studi('d and is I'l'pol'ted in table 24. This 
first brl'akmay ha\"(' he('n dul' to a('cidl'nt as well as aetual weal'. 
How('V('r, a stlill\' of 111(' lif(' of the lihpcts lind the tinw of first brpak 
I-ihows tliat tIlt' '.Middling ('otton '1\"01.'(' slightly uettl'r than Good 
Middling and both of tlH'SP (lutlmltl'd the Strict Go()(l Onlinary 
cotton. 

A slllllmal'Y of the I'eeonl churts lihowing the location and types of 
bl'eaks indicate'li thnt til(' lllaXimll1ll wl'al" O('t'1I1Tecl in tIlt' B st·ction 
and at tlH' spl mg{'s fcll' all three grudps. The Illajority of breaks were 
clue to tlIP faillll'p of the filling- yarns. Sill('l' tIlt' sltpets wel'e put 
throug-h tlte JlUlllglc cl'osliwis(', en'aSl'li I'Pliultp(l pnl'allpl to the sel­
Yaw's. This weakpl1l'c1 thl' matl'rinl >'0 that in most cases the selvages 
were l"Pll1o\'e<\ e\'t'lltually and. the shppts ht'lllllll'd. In I-iOllle instances 
bl'(·aks l'\'PIl o('('url'pc] along tht'lil' IH'I1lS. 

'rIll' ":litH'S for tIl(' fluidityh'st, ,,'hi('h is n IllpaS11I'l' of cll't('l'iol'l1tioll 
in eotton, al'(' gi\'ell in tablt· ~{j f(lI' tllp thl'PP shp(·ting's. 'I'll(> I'pstdts 
!-how that initially tlw Good Middling and l\li<l<1lillg' ('()tton~, 1\1'e or 
the SUIlIP ol'd('1' but tllnt the Rtl'ie(: Good Ol'dinal'Y is wl·akel'. In the 
l'lll-i(' of all tllI'('!' of tltc' splp('(Nl ('oUons thl'I'p is a signifil'unt inel'euse 
ill fillidity with st'ITil'l'. Till' apPl'{wiablp I'ist' in this quantity aftN" 
the fit'lit 'wash ltIay Il(' attl'iuuh'<1 to lHlltial l'e'I11O\'al of: stal"eh und 
other sizi ng lllatpl'i also Th{' ndlH.'s fol' the Stl'iet Good Ol'dinltl')' 
cotton iudieab' that tIl(' ntdution l)('h\'('e11 shpeb may be gt'entel' than 
the lllllount of t(>J](lpl"il1g- 1'C'!"lIlt ing horn 10 waslws. 

Flow-pl"eliRIII'e l"('lationships fell' til(' ellpranulloniulll solutions of 
the three sh(,(>tings (11'(' ilIuRtl'lltc'd iII fig-HI't' 17 where avcl'llge rates of 
flow for the foul' sectionli lire plotted. The slopes of till' lines increase 
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with fluidity, since rate of flow is useu as the ordinate. The lines of 
least slope in each set of diagrams represent the material after one 
wush; the lines of steeper slope, the muterial ut intervuls during the 
period of service. The st(·(>pt'st line fOl' the Good :Middling and Mid­
dling groups gives the flow-pressure relutionship for the Illuteriuh; 
IUlllHll'red ~~;) timt's, and that for tht' Rtriet Good Ordinary~ after 200 
washes. The latter is steeper than thl' two former, showing that the 
Striet Good Onliuary ('otton is more tendered at the t'nd of ~oo 
washes than are the other cottons at the end of 225. Two hUlldl-ed 
washings for Strict Good Ordinary nnd :!~;) fot' the other two 
sheetings are within the l'llngt' of relllO\rnl from service, as shown 
by table 2-1-. 

TABLE 26.-Plui(/itll ·lIwa.~urelll(,lIt.' of v(/riou,~ 8('ctin-II,~ of ,q/leets 1/I(/l1e frolll. the 
~ ,~e/cctca ('OttOI/8 (II/a '/'I'II//H:ea {ro/ll .~(,I'l;it·c a/ ill/cr/'a/.y tlurill!! t//('irwC!II/' 
life 

'rest Fluidity 
period i--- ___,..--~ 

Ornde or l'o1\on (times ' I 
Inun- !8ection Section Section llection: \\'ernec 

dered) _\ lJ CD' 
_ ~ ~ J -- -------. __1__ 

X/tlll/,er R<ci/lru· Rtdpro-: Rt'cipro- ReriPrO-\ Rtcipro­
callJoi-l(s cIII poists : cal poi.'I'" rill poi.... col poises 

I? ':::::. : ::: : __ ._:.. __ :::,::::1 I :~: 1 
7.i J.1• .'> 14.9 ' I-I. 21 14.2 14. ,,> 

12b 1.'>.3 1.'>.5 IS.:I IS.2 15.a 
Good :lfiddling (:-;0. :11 ... _..•._. 1m 

171i l~.~ :~'~ lU i lU l~:r 
21XI I~.H 19,0 IH.-Il 18.2 18.6 

:! 22.:; 18.7 1!I.1! I~.-I: IN. 2 , 18.6 
210 ~~.2~~.7 W'~l _.Iu.lil I~:~In 

I 
75 15.0 15,5 H.U 1 14.9 j IS.I 

15. ~ 15. U 15.. ·1 , 15.:~ i 15. n12.1150 I 17.2 Ii. f) 17.1 i Ii. I j 17~3 
I,[) li.1l IS.2 IH.O 17,41 17.8 
200 18,4 IS.S 1~,4 IS.:! 18.5 
22.; 19.0 I!lU 19.1; 111.2 !!I,r. 
2,10 20.3 20.0 W. J W.O ' W,3 
10 , 13,3 

I 14.4 
15. ~i 15. ·f Ill. 2 15. a (5. a 
IIi. ,I , 16.5 Jr..al 16,1 16.:1 

Sirict Oood Ortllnnry (Xo, h) .• 1-.. "- "17,;1 17.·1 ! 17.2 17. a 
17. !I IS7 18.21 IS,n 18.2 
IH.·I ; IS-il I~.al' 17.0 18.:1 
~~l. r. I 21.4 ~~.Ii 20.2 2t1.7 
IIl.li: W, ,I HI, i W.O 111.9 

I...~-....---..~-.-----'--- .~«--.-~ 
I A \'ern~c 0/ 2 sheets. 
'The, restlils or 1111 Ow (!hemicallilld physic'lIl t,·s(' mllde 011 Ihe Shl·,·t relllo"ed for test!n~ lit this I)('rio<l 

showed thllt the snlllpif did not ~onrorlJl to IIw ~"lIert11 tn'utl ror Ih,· ~rnde. 

The yit'ld \'lIlllp, as l-!in'll by th(' illtl'J'(,(lpt 011 the 1)\'('sslIl'(' axis is 
nn index to tIll' abllormalitv of a solution. This value beeome:; 
smaller as the fabt'i(' of ead; g-I':Hle becollle!-i mOl'e tendered_ Thu!'l, 
with inel'('al'ing-Iy se\'en' ddt'l'iol'ation of tIll' cotton. the C'upl'llm­
ll10niUlIl solution: ... apPl'oaeh tht' nOl'lIlal I)('haviol' of ViSl'OllS liquids. 
The yield value also dl'en'lIHt's :H'eol'dillg- to tIll' I-!l'Udl' of ('otton ill the 
order Good Middlinl-!, il:fiddlill/!, lind Strict Good Ordinary, During 
approximately the last third of til(' m'al' lifp the yield yalue is zero. 

The fluidity l'l'llltiollHhip by g-radl' is ah;o illll!-itxuted graphicully 
in figlll'(' IS. whel'll till' a Y('l'ag-e of the fOUL' sections is plotted against 
the Humber of times laundered. This figure shows that throughout 
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the period or observation the fluidity ndues are hight'r Tot' sheptings 
made of Strict Good Ordinary cotton than 'for those made of the 
other two cottons. Mid.dling and Good Middling cotton arc of the 
same order. 

The fluidity measurements recorded in table 2(j TOl' each of the 
three grades of cotton un' plotted by sections of the shcet in fi~lIre 
19. The order of increasing deterioration of the spetions for eaeh 
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T//'fES LAI//l'PEREP 

1<'llWIHII 18.-FJuieJify VlIll1PR of fl1prtlmmonil1m soltltiolls of Hhl'ptinJ.(R Ill/HII' fl'om tlll' thl'l'C 
HflIN'(('d (!otl'oBS Hnd gin'lI dilft'rCllt 1l1llllUCrS of latllldprings. 

~rade is 1), C, A, and B, 'rhis relationship is showlI 1l101'e dellrly 
in figure ~O, where average values of the thn'e C'ottOIlS a re plotted, 
The greatest difference exists between seC'tiol1s A al1c\ B. Section D is 
superior to section C, which is only slightly iluperier to section A. 

Since section 13 1'('('('i VNt the Illo::;t s()n~I'e w{'al', and ~ertion D the 
least, the clifferenee between their fluidity values ~i\'t'1-i Home indica­
tion of the wear fne-tor' b'y itseH. This difl'el'enec avel'ages U percent 
of the total rise in fluidity. It would, of eoul'SC, be greater if sec­
tion D had not been worn at all, and much greater if the ratio of th~ 
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number of launderings to the number of nights used were changed 
from 1: 1 to 1: '7 to conform to usual home practice. This is contrary 
to the opinion expressed in the report of Minard's work (1) that 
the weal' factor is JWgligihJe in sheets lIsed in hospitals. 
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uI L I \ ~ Ul~ 

Deterioration as measured by fluidity appears to be 11101'e rapid in 
the last half of the wear life than in the first haH. This is illustrated 
clearly in figure 20. 

In figure 21 the fluidity values are plotteu against loss in warp­
breaking strength, The graph shows the existence of a linear reIa­
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tionship between these two quantities. This is also the finding when 
fluidity measurements are plotted against loss in breaking strength 
of the filling. Clibbens and Ridge (16), who progressively modifi~d 
cotton yarns by the action of oxidizing agents and acids. found a 
similar correlation between fluidity and tensile strength. 
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}<'lGURE 20,-Fluldlty vuIuI-s or cupratnmoniulll solutions of dilTer~nt spctions of cotton 

sbe<>tlngH llLUllderN) various nllillb,-rH of tiull's, 'nw "Il!ue for eu('h section Is tbe nver­
age for Shf'('tings made of the thrp(- cot1011S, 

The copper lllunbet·s fo), 1111 three cottom; are gh-en in table 27. 
They also increase steadily with service. Since copper L~lmbers 
meaSure chemical deterioration, it is evident that wear produces a 
progressivt' chemielll deterioration. A.gain it is apparent that Strict 
Good Ordinllry cotton showed slightly more d(>gradntion before it 
was lnllndered and at the end of 200 washings thlln did the other 
cottons at the end of 225 washings. However. during the major 
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part of its wear life the Good Middling cont,ined more oxidized 
cellulose than either of the other cottons. 

In fibrure 22 the values :for t"opper numbers gi\Ten in table 27 are 
plotted by sheet se<.,tions. The degt'ce of chemical degradation of 
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w(!re made from the tbrel' selected cottuns and given vnriour. ullIounts of weur. 

all of the fabrics iJlcreases in the order, sections D, C, ...A., and B. This 
relationship, which is the same as that obtained with the fluidity 
measurements, is more. apparent when the average values of the 
three grades Ilre plotted, as in .figure 23. The increased deterioration 
of B over that of the other three sections is more evident fronl. copper 
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numbers than from fluidity rl'sldts. The an'l'age diii'l'l'l'l1ee in top­
per numbers between Band D amounts to 91;'2 percent of the total 
rise in this value, showing agaill that weal' alone is significant. For 
both fluidity lind ('oppel' IIl1l11l)('1' this pen'C'lItagC' clifi'c'l'C'I}('e decl'em;l's 
in the ordl'1' Good l\[i<itHillg. ~Jiddlillg. and Htriet Hood Ordillary. 

TAIILE 27.-('0/JI/Cr 11111110('r8 Of 'L'UriOIl8 .~CCIiOll.~ of IShcct.~ '/ll1I(/C frOIll, Ilic ;1 
.•elected ('o/tUI/l> IIwl rClnoved frum 8(Tl'i{;C crt ·illtcr·t'lI1.~ dl/,rillY /.hei,. 1(('111' 
Ute 

Grade of collon 

Middling (No. 5) _____________________ .----' 

1 A...erage of 2 sheets • 
• The results of nil the ell.mit'll and physic-ill tests mnde on the sheet remoyen for testing ilt this period 

showed that the sumple: did not conform to the genern] tn'nd for the grade. 

"''''hell ('oPPl'l' numbel'R fo]' (,Hcb grade of ('otton are plottell against 
loss in breaking stn'llgth of the WHi>, the 1'C'latiollsh i p is approxi­
matC'ly linC'ar. as ill the ('o]'I'plation of fluidity meaHlIl'(>I1H.'nts and 
breaking strengths given in figure 21. Again~ \'dHm fluidity values. 
are plottecl against copper llumbpl's all approach to a. linear relation 
i3 apparent O,'C'I' the range studied, For all three grades. at any 
test period, the differenC'e (expressed in pereent) in the copper num­
bl'!'S of til(' lallndt'r(><1 and lI11lallll.dC'l't'd matc'l'ials was about four 
tilllC'S the diil'el'l'Jl('(' ill thl' fluidity l'l'f:ults. 

The methylt'ne hlll(' ahsorpti011 values (tahle ~H and fig. 2+) SlhHY 
that absorptio/l jll('I'l'U!-'(>!-' ]ll'OgrC'!-'sin'ly with \\'('a r. rnel'('us(,d ab­
borptioll i!Hli('ah'H dWllJi('a.1 dt't('dol'lltioll. Th(' absorption is gl'l'atl'[' 
for the Stri(,t Good OI'<1i na 1'" eotton lIftel' :200 ,\ :1sill's than for the 
other grades aft(,l'2<25 waslies, Ho\\'eycl'. for the major part of 
the wear life. the order of iIH'I'C'asing absorption is Striet Good 
Ordinary, Micldling. and Good ~fi<1dling. TIH':-;e findings al'e 'sim­
ilar to thosp obtained with the copper 1It1lnber test. 
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I·'IGrru·) 2:t··_·CoPlwr uHm!lprs of ditTprt'llt :-:fl(·tlonjo:: of ~'(ltt(llt ~hPflthll!:-: i:ttllHit'rt'tl \~Hrilill:-: 
numbers of tinlP:<, TIIP \'lIlu(' [lIr cueh ~e,·t1oll is the u\'erng.. of thnt fot' ~h(·('t1ngs mndl' 
of the thrc(' cOttOIlS, 

'l'AllL.,; 2S. J/dl'/li<'II(' "'/11> all.wr}J1i1i1l of .~It('('lil/(!N 11//1 Ic {IOIII "J/('.1 .~l'Ict'/('(I 
('()tlOII.~, /CN/('/1 af/er rCJI('u/('(l lallilderil/.II'~ (lwd /I'('O/' 

1-~;;~h~~~';I~I~;~ l~):I~r~~i:~ II ~~;:;;~'h~~IILion 
( . '1'e~tllJf'rdiod I) ,; C' I Jo'tr,('l' '1'r~t lJf'riod C' I ;4lr\('[
Urnes IIUIl eret .001. ;\Ii<ldlin~ On(1I1 , ltirne,~ laundered) .' 00'., ~1 iddlill~; (loot!

l\Il!ldhll~ (Xo.1ij Ordillllf\' 1 l\Il!ldlltl~, (Xo.5) ! ()rdinllr~' 
.(XO.3) I_~ L(xo.Sf I ._._______: (:-;0.3) !___i~ 

OJ.. .I j l.!\!ll 1 uri 1 11.821175. ........... 1~,g7 1'1.r.9 13.02 

1. ................ 1 2.4St 2.-15 2,121~'OO ...•.•.•••••• "'.1' 15. IIi IS.&; Ii. 60 

75········· .. ·······1 ;.M)' 7. Oil Il.S,; j 210................ .... ..... •... .... 'n.flo 

125................. ; .10.42 10.05 9.17 2"2.>................ '15.72 17.05 

150............ . 12.80 12.7S 12.18 j 2~O ....... .... 17.fJ6 17.M 

1115...... 1:1 J.\ . ' 

,----.-."'....-...--.~.--! ...._-_._--- --- ­
, A \'ern~e or 2 sheets. 
'The rC$lIlts of 1111 the {'helllil~lllIn<l IIhYsll1ll tesIS mlltlc on the slll'"t remo\'cd for testing lIt this period

showell thnt the sample did not conform io the general trend for the grude. 
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Increases in methylene blue absorption were obtained in this stmIy 
as a result of wear, while in the ironing project the absorption was 
found to decrease as the temperature rose. At the higher tempera­
tures, however, the rate of this decrease became smaller und th(, 
absorption tended toward a, limiting value. Barr (llld Hadfipld (7), 
who exposed cotton fabrics to the artion of sunlight, fOllnd that with 
exposure the methylem> biLl(' absorption d(l('r('ased somewhat at first 
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FIGUIHl 24.-l\f(·thylt'u(· blu!' absorptions or sh('('t:s mnde from the tbrrr spll'ctNI coUons 
II\H\ :;1\'('" dhT\'r\'nt 1It1lIlh.'n; oC Inund,·I·\!Ij!N. 

and then began to ris('. Thus it is obviolls that methylene bill(' ab­
~orption is not always a reliable quantitative test fat· the eady stages 
of oxidation. Taken together with ('opper lHllHber. l!o\\,evl'l', it 
affords diagnosis of the type of degradation that has occuretl. 

Birtwell, Clibbcns, and Ridge ([J) differentiate UetW('('1l two types 
of" oxycellulose ", one characterized by It la rge increase in methylene 
blue nusoI'ptlon nnc'! a relatively sllIall illt'rease in eopper number 
with progressive modification, and the other, thel'e<1ucing type, by 
the reverse properties. They obtained the first type by treating 
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cotton ,,-itll alkali hypobromite. The present study shows that wear 
and lalUldering also prO(hl('e this typt' of oxidation product sint'e 
rapid iner('as('s in Illt'thylt'ne ulu(' ahsol'»tioll and small illcreast's 
in <'OPPPI' nllllliJt'rs wel'p oUs(·r\,('<I. 

CONCLUSIONS 

Slwt'ts ('om posed of Anwriclln upland ('otton sel(>(·t{ld to l'('pI'es('nt 
the Good l\Iiddling, Middlillg', awl Strid Good Ordinary gradps 
wpre suujeet{'d to eontroll('d Wl'ar a lid laun<1(,l'ing. Th(' ('helll iClll and 
physielll" dHl1'!wtpl'isties of th(' shp('ts were d(·tel'rnilwd at inh'lTuls 
during tlll'il' \\"NII' Ii1'('. 

The l>hysical h'sts indi('atl' tlwt the sheeti ngs of Strict Good 
Ol'dinal,), ('oiton W(,I'(, w(lakel' illitially and throughout th('ir W('ar 
Hfp than thosp made of l\Iiddlillg and Good Middlillg cotton an(l 
were slightly more dt'tel'iomtt'd at tllp end of 200 washings than werp 
til(' oth('rs at the ('IHI of 225 washings_ 

As measured by cOP1>pr nUll1uer al1l1 m('thyh'ne bl ut' absorption 
<1('tel'llJinations, the rpUulose of the Btriet Good Ordinary cotton 
!'howed l('~s d('gl'adatioll throl1ghout the major part of the wear life 
of tht, shppts than did the ('('lIulm;(' of t11(' ::\fiddling and Goo<lMid­
(llillg ('ottOIl. Howl'\'('\', Ht ~()O wal'hings, wlwll the sheets of Strict 
(Jood Ol'dinal'.\' ('otton \\'('1'(' \\'01'11 out tlIP ('elllllos(' was slightly JllOI'l' 

cl(·tpriOl·at{'d than was that of til(> otllt'I' i W() ('OItOIlS at tilt' Plld of tlwir 
sl'I'vi('p aJtpI' 2~;) washings. 

Both t'l1(,llIi('al and physi('al tl'sts s11ow(,(l thnt the HlI1XilllUI11 wpnr 
Oil til(' sht'('is ()('('uIT('d in til(' s(,(,tion o('clIpit'd by tIlt' shouldpl's. 
Then' "-a,, 110 illC'\'pas\·d \\,par Oil tIl(> middle fold. 

Thr('(' and 011(' half ypat"'; siontg<' ('allsl'd 110 deteriomtioll in UIl­
lIseu shpets. 

TI,w t.Y1){' of oxidation product ehamderized by grpatly increased 
llffimt\· 1'01' methYlene ulue was formed as a result of wear and 
IaulHlcring. ~ 

EFFECTS OF IRONING TEl\IPERATURE~ {TPON THE FABRICS In 

By K, ;\II~r.n~A DlHI'NI,Y anti nU'l'lI K Er.lIQUIST 

A." part of a Htlld.r of til(' I'l'ndioll of \'ariolJ:,'; gradl's and vnl'i('tip:; 
of cottOIl to wear and l:lI.IlH}(,l'ing, data nrc IJ('ing IH'elllllulat('d U\T 
tIl(' BllI'('UlI of HOIII(, E(,0I101lli<'H on the physical unlfel\('mienl ('hang(:s 
wlli(·1t tak(, plu('(' dlll'ing ironing in fuurics \\,(j\-e11 of known gl'ad('s 
of cottOIl. Such infol'llllltion a~sists in ('\'ulllating tlt(>s(' grad(';'; ill 
tel'l1IS of til!' 1I1't'fllllll'SS of the finislted i'ahrie and also in forlllulating 
J'('('OIl1I1H'Il<lations fOl' lallnt/ering pI'0('('(lul'(>5. Methods of analysis 
s('nsitin' to slllull amounts of d:lIl1ng(' have beell us(>d, as well aB 
strl'ngth tests which 1I!('l\SIII'P 1l10re oln'.ious dewl'iol'ation. This is 
parti(~lllaJ'I.'T desirabll' as tlte I'epputed 11se of high tt'llllwratun's just 
b('low those gi\'ing changed lll('aSllJ'(,lllents for breaking strength Illn,)' 
r(,Sldt in an uJlexlw('(etlly shorter weal' life for the fnud('. 

Exppr.il1H'nts in which ('otton hils I)('('n slllJj(l('t.ed to 1I10derat(' IH'ut 
over PI'OIOIlI!('d ppl'iods of tilllP have been dl'scl'ibed by such ()U­

16 GrllteCul IIpprecllltlon Is expr!'sH('d to \loris M, TIuchannn, who hus "iVI'n valullhle nA­
~i~'llllce tluril/go I his iUI'c." igll lion, .1 uti it II L, S[('"I" hll~ ul~u given uld III cUlDpillng t11111l 
nntl Jeunlll' D. Guc1'ln Ju ulllklug bn'llklng-strt'ngth tests, 

http:slllJj(l('t.ed
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:-:one1'8 as Fort (m), SchUleI' (.~(\?), Knc'cht (D), .JII~til1-nl11pller 
(SO), Rain (0). il1611ering (,17). Tiltmnn and Porritt (.;0), Akahint 
(B), Patel ('W), alld Ramsbottol11 (.j.7). The rt'sults of these anu 
similar studies are Bot applicable to ordinary ironing procedures 
where higher tempel'lltmes are applied to only olle side of a fabl'ic 
for n '-ery short. time. E,'en in the rpports of ironing stU(1it's fl'om 
Wh1('h some l'eC01lll1ll'IHlations have been maclt' to tht' lall/Hlrv tl'llde. 
thpl'(' has Ul'('11 }lO indication of work on known gl'll(i('s 01' ('ottm! 
lmdl'l' eontrollE'd conditiolls of preSSlll'e and llwisturC'. III all eases 
s('ol'eh waf; dt'tt'cted merely by color change visible to the l'ye 11/)([('1' 

(ll'(linary lighting conditions, and breaking strength appears to be 
tht' ollly IlI('aSllr(\ recorded of deterioration ill the iront'<1 t(.ttOll. 

SOlll~ ,york with haml irons has bf'(>n dt'scribt'd by Fort urn, 
Klwcht and :Mullel' (JJ), and Gilmore (;!,J). Since tht' tCl'll1 He()l'cll 
bas bl'l'll defiul'll so qualitutiyeiy in the published reports of these 
obselTers, it is difficult to compare their results. FOl't, as well as 
Kneeht and Mulll'l\ made comparative temperabu't' obseL'vatiOllS by 
lll(':tJlS of a tht'1'1l1ol1ll'tt'r inS('I-tt'd in tht' iro11 from the top. Their 
1'('POl'tH are yague m; to the ironing comlitiollS whell the danger point 
for ('ottOll waH J'l'ilelw(l. G il11lol'e, who worked with an ele<,trictd Iy 
Iwatt'l! haud iron, stah's that there ",vas visible Yl'1I()W111~ on ble!lcheil 
('otton Illatpl'illls without H('colllpanying loss in breakll1g sfI'(lngth. 
HO\\'{'n'I" ('layton (iJ, .!.9) w,bo ~mbjt'etl'd slll'h i'abries to a hl'ating 
plate at nlriOUH h'mpt'ratUl'l's l'(lpOl'tS that J1(' obtained a loss in h'll­
sil(' stl'l'lIgth :It tempcl'atnl't·s fal' below those cau:;in~ yisibll' Bt'ol'eh, 
Thi!-i apparent ('ontradietion may be attributed to difipren('('s in lllOis­
ttll'(~ ('Olltput accordillg to the experimental L'esults of K11t'Cl1t and 
Muller (.j.]), or it lllay be due to differpnce in the time of ('on tact 
with tlw Iwatt'd surfate. III Gilmore's work the time of contal't was 
f> s('cOIl(ls lind ill CJayton's 30 seconds. 

In the present investigation the fa.brics used were mad<.' UlHIN' 

l'Spt'l'inlt'lltuJJy controlled conditions from selected cottons repl'esel1­
tatinl of known grades. They wt'l'e ironed llllde.r contl'oll('d ('on<li­
tiOIlS of lJIOiHtul'e, pressure, and tempel'lltnre with a honst'hol<l 11'0lH'1' 

(iig-. ~;'j), in which R padded roll turns against a ll('llted I\l{'tall ie 
shoe... '\Yith the partial spectrophotometriC' lllt'thod tlsed for <1('­
t('('tillg ('olol' ('hang<' ill the ironed 'lllatct'iuls, it Waf; possible to nott' 
lIleasUI'able (·ffl'ds for il'oning t;('l\ll)(,l'atlll'es tOJ1sidcmbly lo\Y('l' thall 
th()s\' at ",l1i('11 thC'J'(l was visiblt' yellowing in ol'liiIHu'y daylight. 
T('sts \\'PI'P llwdp Oil tIl(' ironed eotton sumph'f; Hot only for loss(ls ill 
I>r('n ki ng sf I'(lllgtlt IJut also for ehangt'f; in the ('\WlII it'al l\utm'(' of Ill(' 
('loth. 

ANALYSIS 01-' DESIZED SHEETINGS 

The prepnrntioll and construction of tht' mntt'rials llsed ill this 
stully al't' dt's('I'ibed on I)uge 3 nne.l the rl'Ruits of tll(' wparing tl'sts 
to ,,:hidl tIl(' fillisht'd s wetings wt're subjectt'(\ on pagt' 29. They 
wert· \Yoy(,n of Good Middling, Middling, llnd Stnet Good ()Iodi­
nar), cotton rt'spl'ctivel.\,. The finishing l)}'o<'ess included n soda 
kier-boil and dH.'lUicking with It one fourth vi 1 pel'l'l'llt In-uilable 
('hlOl'int' solution, 

11"l'hlH IrOIIl'r WIIS $lIflpllNL l/trough thl' r()urt!·sy or tll(' Ap('x JilIN'trl(~11 Mllllll (ul"1 Ul'.Inl; Co, 
1fiBS L"-,·:H-4 
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Ironing !itndies were JlHHle on the new sheetings and also on used 
ones remoyed from service at various intelTals during thE'ir wear 
life. Before uE'ing submitte(l to the heat te!its, the new sheets which 
had been treated in the fini::;hing plant with a mixtnre of corn starch 
and a saponified tarIow softening matE'rial, Wl're desized as follows: 
The fabric "'as hrjVE'll a preliminary soaking and rinsing in water at 
90° to 100° F. It was then washed in a solution of neutral soap in 
the temperature range 140° to 150° and dnsecl in hot distilled watl'J" 
until the pH of thE' t'in!it' wah'r was the same ns that of the distill('(l 
water used. This wa!i followed by two sepnr-atE' E'nzymie tl'putnwnts 
under controlled tPllljwratll1"(, ('onditions with thorough rin::;ing aftpl' 

FIGt:m-: :!;:;.,,-Expl'rilllClllnl ironing ('(juilllllcnt, 

eaeh tJ't'atnwnt. Th(' lllatt'ri!t! was finally wllsht·d again and rinsed 
until tlH' pH of tht' wash liquor was the same as that of tilt' di;;:tinpcl 
wah'I'. 

Loss in \\'pighl due to tili;;: desizillg was tldt'I'llIillPd br wpighing 
fringed and thOl'()ugldy l'onciitiolled sUlIlph'!i until'l.' standard atlllos­
pIierie {'(Jlld itions «()5 pPl'('('nt I'(lla! i\'(· humidity and 70° F.), Tlli>' 
loss ranged fl'om 4-,~ to 4.R pt'I'('(>nt fot' all tiJr!.'e shel'tings. ThE' flit 
and wax t'ontpnt of t1l(' dl'siz('d faL)J'i('s. as (}('h'I'minPll bv t'xtt':tctiol\ 
with enl'boll tt"tracltlorid(' a('eol'(lillg to tllP gt'lll'l'nl pr'o('t'(hll'(l of 
eli tlOt'd. Higginbotha Ill, all!L Fu rglll'l' (1'7), nll'ipdholl1 0.:35 to O.4i 
pel'cent. Tests for ehlori(l('s and sltlphat:e>, g:l\'e negatiw results, 
These tests \\'(,I'e made bp('HlISl' :-.LIth salts wOllld prodlJ('p ltbnOl'llIal 
tenderinCT of the ('OttOIl lllldt't' the infhlPnt(' of h(int. 

The ,f,eight pel' sqIHll'(' yard. thi('lnl('ss (as Illl'aSlIl'pd. with a 
mierometel' til ieklleBs gagt' ('xel'ting a ('onsta nl: 1)J'('SSIlI'('). It n<l I: h l'ea(1 
count of the new de>,izl'd sit('etillgs al'p ginln ill tablt, ~(). 
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'.rAI!LE ;2U.-Weiflht, t7l.iekl/,e8.~, UlIIl tllread eonllt of i[csizea ,~7IMtin{/.~ made frOlI/. 
thc ,; se/e('(('({. C(}f1()I1.~ 

ThrCHd cOllnL 
Orudr of l'Of.foll 'rhicknc.''';''i 

\\'lIrll Fil1iu~ 

OrU1CtW JUT 
.<ll[llure yard [1IchrsGood Middling (Xo, 3) __ •_____________ ._ ...... . 4.H.2 0.01l3-0.0l2:1 73Middling (No. 5} .....__ ....... ___ •••• _•••• __ ..... .. 
 4.0--1.2 .0110- .0120 73Strict Good Ordinury (No. 8)_... _______ •• _00 __ ..... . 3.li-l. () .0105- ,OllS 72 

----------------------------~----~--------~--.~.----~ 

IRONING EQVIPIIIEKT AND PROCEDURE 

~\..II C'HpPC'ially constt'nd('d housphold il'Ol1pr h:l\-ilJ~ a roll 2G inclw:; 
long- and. illdH's in rliallH:'t(lt' was lIspd for applying heat to tht' 
faln'i('s, In 01'<1(11' to hold til(' hi~h telllpC'ratUt'('s rlPSiI'('ti, an 1,HOO­
watt hl'ating elt'lllent was pro\-itled in the shoe. This elelllent, of the 
llat ribbon tYI>(I, Was well pmbpddt'd in a ('ollll>osition illsulating ma­
teriul alld Whell place(\ in position IH'xt to till' IllptaIIic IlIllSS of the 
:-;hop was furt.Ill'1' illsnlat(ld Jl'OllI til(' n'al' fl':tlllt' by laYP1's of asbesiA)s. 
A shept of eoppel' nbout ~:~ i nclws 1()1l!! was pla('ed hebwen the in­
sulatpd llPating e[pllwllt and the Ilwtal Illass of the shop to serve liS 

nn equalizer of tl'llllH'I'utIU'p O\'l'l' til(> lllOst lHw<l arpa of the shoe. 
By means of a YHl'iabh' I'('si:;lall('p pln('('(\ in the heating eil'('uit, it 
"'as possible to ('olll/wllsatp fol' <'il:tng('s ill the line ,'oltage as well as 
for cooling pfl'C'('ts produee(1 by til<' fabrics while bping irOlll'd. 

The tplllj)('l'a tUl'l' of thp hl'atl'<l shop was d('/el'llliJ1('(I from potenti ­
onwtl'ic rpadings of the plpdl'olllOti\'(' 1'01'('(' gl'llp['atc'd whl'l1 tile 
thl'l'lllo('onple jlt1wtion with its }pac\s \\"as plu('pd in the llIetal just 
below tlIP ironing Hlll'fuce. Preliminal'Y meaSlll'Plllents htHi bet'll 
made to detl'l'lllilll' thl' JHI('t'ss:u'y (\ppth of illllllPt'Hioll of til(' therlllo­
l'1PIlIl'nt in tit!' iron nlHss of the Hho("l~ 

All thpJ'l11oeoup[('.'l lIspd in t11is \\'ode \\'Pl'(, llta(h~ '1'1'OIIl 110, :30 B. & S. 
~ag(' chl'omd HIlCI COI1:;tnntan win's whi(,1t had b(,PI1 ellanwlpd and 
then wound with asbe'stos, On aeC'()unt of thp nl'cpssary fOl'ward 
and backward motion of the shop ill Htartillg or stopping:' it l;('(lI1W<l 
:uh'isable to liSP mthl'r ::;t\ml.Y material:;. As has bl'P!l C'onfil'lnecl 
rpC'l'lltl.v by Kratz and Bl'o(h'ride (,>4): til(' dll'ollll'l-('Ol\stantall ('Oll! ­

biIH~tioll also gayp til(' aclntlltaw· of a ('oillpal':lti\'ply high ('Ier'tro-
1l10(I\'e 1'Ot,(,(, [WI' dl'gl'p{, of tpl1lj)(,I'atul'(' ('httllgl' , Eaeh tltl'l'1ll0(,Oll pie 
was ('nlibl'ah'd [)\' til(' rnlt('d StatC's BUl'PUll of Stalldal'(\s, bllt 110 
appr('C'iable di tl'(·i'plJ(·(' was :found. . 

Pt'plillJillal'Y tiIP!'nlOl'ollple II1(';Ii--III'PllIPllti-- takell 1'01' a distall('l' of 
1.1 in('h('s aloJlg the (,(,Jllnt! pOI'tiol1 of til(' ~(i-illeh Hho(' gayp /H'ae­
tieally no nll'iatiol\ on'I' that: disblll('P, A('('ol'([inglr, fot' till' iroll­
ing of Htllllpl('s 1;') inchps wi(\p, it was ollly 1l('('t'ssal',V to make telll­
I)(,l'atut'e ObSPl'YatiOl}S ill tltt' middle pOt'Lion of thp :,III'fac(' ill eontaet 
with th(l l:iamp!p, '1'l1p).(, Was th('11 JlO cia ng<' I.' of short eil'C'uits from 
theI'JlloC'oupl('s plac(,d at \'ariouH positiomi in the metal. The total 
ironing surftu'(' of tlw shop HmollIltl'd to approxilJIat('ly 1,1(} SqUlll'C
inci1eH. 

IS .\.dmowl(·lll-(lIlt'll( i~ Inlui .. to \\', 1', Whit", of thl' (h'ophysit-nl LnbomfOI"Y, t'al"n('l;ic 
Institutiou of \\"lIrihiugloll, lU1' cl'itlclslll~ 111111 ~1I;,;gt'stiunll ill thlti (·tJlllIl.~tiOIl, 
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TIll' J"e\-oh-jng roll of the ironer wmi well padd('(l with two la'yl'J"~ 
of %-il1ch knit cotton padding and two layers of napped, double­
fat-ed (;OttOll f(,It. On'r this, eo\'('r8 of Jll"l'~hrunk lIluslin wpre W:i('(1. 

These WPl"(' changed ofi('JI to a"oi<l possible t'olltaillinatioll of the 
experimental s:uuples frolll any oxidizpd ('pllulosl' whieh llIight be 
formed on the (;o\'prs with repeated lise. 'I'll(' padding was flull'('d 
up and ail'e(l oftell so as to prt'H'nt llll('\'{'n pac-king 011 th(, roll. 

nleaSnrell)(?nts upon the compressed springs at the back of the ~hoe 
indicated an a \'I.' rage pressure !Jt'tween the pad(kd roll and the 
heated shoe of 1% to 11'2 pounds per Fiquare inch. This sallie PI'PfiSlll't' 
setting was maintained throughout the study. 

Preparatory to ironing, sheeting samples 19 by 15 inches were 
conditioned at G5 percent l'elati"e humidity and 70° F. for (j hou1's. It 

len:.,-rth of time sufficient a('cording to the results clescrib('d by SOll1llWl' 
(.~,?). In order to .estilllate the moisture ('on tent, weighings were 
made of l'epresentati ve conditioned samplf's befoJ'e and a ftl.' l' drying 
to constant \"eight at 10;')° C. The vnlues thus obtainl.'d for IllOisitlre 
('ontent al'l': Good .Mid(Uing, G.22 to G,25 perct'llt; Middli nil', G.18 
to G.32 percent; Strict Good Ordinary, G,34 to 6.45 pel'l:ent. 

In order to keep the moisture content constant beforp iJ'oning. 
('nch ('onditioned ~nmple was wound on a moistul'('-p['()of J'oll beh\,ppn 
two similaJ' piP('t's of conditiollt'd cloth. The roll was then '\Tapped 
in llIoistul'l'-pl'oof material and placed in a ('overed container which 
had been standin:.r open in the conditioning roolll. 'Weighings of 
snlllpl('s which had bet'J1 wrapped as deRcribed showed the llloistuJ'e 
('on tent to be pl'udically unehanl!ed even after tIl(' rolls had bePIl 
rPlllond from the' eonriitioninl! J'0011l fOl' 1 week. Thi~ finding ('on­
{inns the. expel'i('llce of Guest and Poh;ciam('r (:27) in theil' wOJ'k 011 
fabric C'onditioning. 

Eae]} Hample was I'lm through th(' il'Oner once. The entiJ'(, tinll' 
l'equil't'd foJ' nny paJ't. of a givt'f) flamplt' to pass tIll' 1wated llI('bllli(' 
shoe waH aiJollt 2Jf! S('('OIHb. 

Thl' ;;tiJ'fa('p of tltt, l'oll jllst Iwi'OI'p Ilul.king ('ontuf'l: with til!' lwat('d 
IIH'tal "'llH :iHO to 4()0 C, for t1H' majol' portion of the work. How­
<'''('I'. sOllie ob!'(,]Tnti(JlI~ \\"pre also l't~c()l'd('d wlH']1 til!' Hurfal'(> of tlw 
]'011 had It tPIJIJ)(,I'utll],P l't1lJg(' of 1:!()0 to l:iOo. II! til(' ("ollI'se of lIou;;('­
hold ironing. till' roll Hudae{' HOllletillwS J'is('s to these tl'llJpt'I'atlll'e::i. 
dlle to the tUl'nill1! of til(' roll against the heated ~h()e \\'lwn no Hrtides 
art' b(ljng passpd through the iI'OIWI'. In order to estimatt' tIl(' ap­
IH'oximatl' tplIIlleI'atlll'C of the roll surfae'(', the thermo l'll'llll'nt. ('0\'('1'('<1 

witit a hl'at-I'Naining pad, waH placed in position on a thill ('OP[)('I' 
H1J(>(lt \l'h it'll ('ollld b(' pa;;i1y bent to lJIuke ('loS(' ('ontact with the 
I'oll. Clw('ks lIladt' with tlJis :trmngPlllellt \In<1t·1' known ('oJl(litiollH 
sltO\\'('d it to 1)(' slIfli<'iPlIlly HC('UI':It{' foI' this pllI'pose. 

MEASlfltE~IEN'TS OF DETEIHORATION 

j[l':tSIII'('1I1PIIts \\'('I'P IIW<il' UpOIl thl.' il'OIwd samples to <holed ('hangl's 
ill Im'aking stl'en~-rth. ill surface ('0101': IInel ill the chemieal nattn'(' 
of thp cloth. TIIP saul(' t('sts W(,I'I.'. nwdp Oil uIH1amag('(1 ('ontrol 
[·mmp\(ls of the HlllIJP wal'p and till' SHIIlP filling takpll frolll thl' illl­
1l1C'<iiate \'ieillity of tll(' saJllples 011 whith 1Ill'fISUJ'('t1I('llls wPl'e ma<i(', 
1"01' the results l'ecol'lied in this report, the values obtained from 
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the control ::;lllllples ft'om anyone grade of sheetill/T werc averalTed, 
and the test results l'xpressed with reference to th; average control 
yaIne for the type of sheetin~ involved, The lowest ironing- temper­
ature tal?ulated is 1-1:5 0 C. Sll1el' prelilltinary t('st..; showed that, tht' 
s:tmpleK 1I'011('d at that h'lII[>el'ntlll't' gave thl' same results as uuil'lJlletl 
samples. 

BilKA K I ~U S'I'HENG'rH 

Strips 6 inches long and 1 inch wide were used for the tensile­
strength measurements, which were obtained tmder standard con­
ditions of humidity and temperature with a. Scott tester having It 

o-inch back aud front jlHv and a distance between the top and bottom 
ja.ws of 3 inches, The rate of separation of the jaws was 12 inches 
per minute. 

Tests for ('hanges ill colOL' Wt're made by llWaW:i of a partial spectro­
photometric method described by Appel (.1). The intensity of light 
reflected by the sample::; wa::; Illl'aSlIl'ed with reference to n, standard 
magnesiulll oxidl' surface fOl' thl' following range of wave lengths: 
703, 651, 578, 546.1, 501, 435.8, and 405 millimicrons. The measure­
ments of the light rl'fiection in the violet range (mercury lines 
4B5.8 and 405 millimicrons) werc the most effective in detecting Rlight 
surface changeR due to ironing. and it was possible to distinguish the 
damagl'd from the undamaged samples by observations for wave 
length 435.8 millimicrons. 

The general arl'Hllgl'll1el1t of the apparatus und the position of the 
sumple in its rotary holder is shown in figure 26.10 The test sample 
and the Rtandal'(l white stU'face are mounted in interchangeable posi­
tions on the sliding platform. For an obselTation this is moved back 
fiO that the sample and gtandard are directly under the source of 
light. The 220-yolt mercury arC' lalllp~ as well as the 1,000-watt 
tungsten filament lamp, are mountl'd in the sliding carriage, which 
lllay be shifted to the right 01' left, a('C'ol'c1ing to the illumination 
desil'(>d for thl' sample. Readings arl' obtained 'with the Martens 
photomet<'l'. which is fixt'd in position so that the line of vifiion is 
peJ'peIHlicllial' to the I'pfh1cting fiurface underneath. A more detailed 
description of this apparatus has been pllblished by Appel (4). 

Fluidity (yiscosity) tl'HtS Wl'I'l' fOllnd to be a satisfactory means of 
measuring a tendered conclition .in ironell ::;amples. These tests (1l'­
p<'l1d Ilpon tIl(> fact that a cupl'ammolliulI1 hydroxide solution of the 
dalllagl'd cotton fbws through a capillary tnlll' more rapidly than 
doC's a sillliia l' solution of the 1IIldumag('d cloth. 'rJw geneml method 
of ob::;C'I'Yatioll followec1 that of HC'rsclwl and. Bulkll'Y (':38), in which 
till' time of flow for sllceessivl' 5-('(' portions is obtained. Figul'l' ~7 
iUustl'atl's thl' pUl'ticulal' arl'an/!t'ment of the fluidity tullPS Ui::ied in 
thiH lubol'Htory, The constant temperature b~lth used acconullodatt's 
4: tubl's, allo"~il1g 3 to come to the required temperature (25 0 C.) 
while meUStll'C'IIH'lIts HI'P }wing made on the fOllrth. The average

I. A('know]ptlgnl!'llt Is mllil" 1.0 OJ<' 'I'('xlill' Hl'('llou or tlw IJi\'ision or FilJl'uUS ;Iud Ol'gnnic
)!llterillIH, C.S, ·BUl·euu of StlllltlnJ'c1s, for the UBI' of this equipment, 
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diameter of each capillary tube WlIl; obtained from flow tBsts with 
oils, the -dsC'ositieH of which had been determined by the United 
States Bureltu of Standards. 

'While the CUpl'UIllIllOniulll solution lIsed fol' these fluidity meas­
urements WRS of the same geneml type employed uy Clibbens and 

FIGUIIB 26.-.~p!luratu8 for the DleusurCllleut of I111ht rellectuuce. 

Geake (15) modifications were made in its analysis (11, 1'2). A 
solution containing 15 .!!rams of copper, 200 grams of ammonia, and 
less than 0.5 gram of nitrite per liter was carefully prepared. As it 
was necessary during preparation to protect the solution from both 
heat and light, ice ancl It covering impervious to light were placed 
around the tube containing the electrolytically prepared copper and 
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the concentrated ammonium hydroxide to which 10 grams of sucrOse 
per liter had been added. Purified air was bubbled through this 
mixture until the desired concentration of copper was reached. After 
the final solution had been analyzed and diluted to the proper con­
centration of copper and ammonia, it was stored in an atmosphere of 

C 
I~lGURE 27.-Vlscomctpr arrangement: A.• Vlscoml'tl'T '11 glass jack!'t; B, air outlet tub\'; 

U shot used Jor weight; D, axis leading to stirrer; E, capilillry [ubI' in position for 
observn tiOIl; p., rubb"r connection; 0-, viscometer hlile gratlufl h·d in cubic cl'utimeters. 

nitrogen in a cool, dark place. As this solution decomposes under 
certum conditions within approximately 1 month, new solutions were 
made up from time to tiille. 

The fabric test samples for the fluidity measurements were finely 
divided in a nonlteating mill, which had a cutting action and was 
equipped with I-millimeter openings throngh which the disinte­
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g:rated fabric passed, Solution 'YllR i1lso facilitated by the use of 
steel cylinder Rtiners, Breakage of yiSeollleters was :lvoided when 
the stirrers were fittf.'d with spiral steel springs at eaeh end as 
recommended oy Neale and Stringfellow (.jf)) , After the finely 
divided. cotton ,vus thoroughly conditjoned lInder standard proce­
uure, suffieient umoUllts were weighed out to llJukt' O,i>-peI'CNlt solu­
tions of this cotton in the fluidity tnups, Tllt'se tllbes were t1l(,11 
fi11('d with CUlll'ttlllJ1lonium, sHh)('d into oInck doth jllekets Hilt! 1'0­
tuted on~rllight on a sl}P{'ial visc-m;ity wh<'pl. This ",111'('1. lIuHle 
of solid ('oillposition board, has foul' times the ('a~)aC'ity of the bicycle 
'1vlwet lIsed by ('libbplIs and Geaice (1,7), It i" ('quipped 011 both 
sides with Ilwtal. fastl'lIeJ's into which tl)(> tulws f'llll be pressed 
easily, This e!indnnies the los~ of tillJC> amI UIP lliflkulty whieh 
wou]cllw inyo]ved in binding tIl(> tuops to tlw spokps of the bieyele 
wheel. vVhen the eotton WlIS finally diHsol\,(>u in the cupI'lumnOniulll, 
the solution was reauy to be run through the <:ilpillnrips of tIl(' 
fluidity tnbps, ' 

The fluidity results recorded in table ao havp been eaIeu1at('d 

fl'om tile formula. F= O(P~p)' where F is tlIP fluidity in reciprocal 

poises, (! is an instrull1Plltnl eonstunt, q is tlw ratl' oj' flow in (,11bi(' 
('entimett'I's 1>1'1' s('colld, and thl' quantity, (P-}J), tIl<' a\"erug-e pres­
S\l]'('. en,using tiow (~ntlns per sguul'l' eentillwtpr), Comparison of 
the ('ottOIl solutions with a trul' vise-OilS liquid showt'd tllPlIl t{) be 
for all prat'tiea1 plll'pOSPS within the rangl' i'ol' ,,,hidl tllP tiow l1lny 
1)(> PXpl'l's..c;pd ill tIll' 1'01'111 of Hui\lity as ('a]('ulntl~cl by the abo\'(' 
formula (15). The il1stl'ulllPntul eonstant (' is defined in ('cnti­

llwtel'-gl'am-s('con<l uuits b;- tl!p quantity ;i;~' where (J is the ac­

eelcration of gra\'ity. if is the innpl' dianwt('l' of the eapillary tubt" 
lind L is HlP ll'llgth, 111 the present ,york tlw valnes d i11ltl L wpre 
0,1136 ('entimeters and 3,2i3 ('('Iltinwters. respeet.iwly, Kinetic ener:"'T 
('orrectioJ)s were for thp most part of 110 signjfi.cllnce ~ror measure­
JlIPllts upon the materials used, 

The ratio p?.p wus obtained frOIll flow-pn'ssure graphs FilCh as 

are shown in figllre 28, wlJel'e the ol'<1inatps l'ej)I'Psl'nt tht> rat(' of HOWl 

if, and t]l(> absc'isstll' tllP ('oITesjHHHlil1g valut· of the presslIl'l' Iwad, P. 
The yield value. p, is given b~" the distam'p hom thp ()J'igin to the in­
h'I'Sl'ctioll of tIl(' stl'alg-ht 1ill(' ~raph with the PI'('SSIII'P axis, Thl' 
llJPtllOd oi' Hpl'se1wl and Bulldpy (:!8) was 11Spd in !leh'I'mining tlrt' 
H \'('rage prpSSlll'e Iwads, 

Determinations of C'opper.J)umlH'1' aJl(1 of methylene blue absorp­
tion gave u(lditional inforlllation both as to tIl(' extent and type of the 
degradation products formed in the ironing of the cotton materials, 
A method of det(lrmining the ('oppel' nlllllb('l' of cotton and its lise 
as a measure of the del{'riomtioJ) of this Jibel' has b('en dis('ussed by 
Elmquist (18), In this study, a s:lInp]e of the fabric weighing 1.5 
granls wns prepared in the same way outlined jn that paper, How­
('vel', in order to insure I'('sllits that would bl' I'padily reproducibl(' 
from day to day, the finely divided samples were treated with 
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Braid,,'s solution illsh'ad of I'\'1I1i Ilg's sol ution (](J), E;u'h of the~p
salllpl~s, 'which had bel'n plat'l'd in El'h'llllleyer flask;; fitted with. 
Bunsell nl1,'(' stoppers, was heated for :-l hOlll's in an oil bath tlwl'lllo­
Htatieallv ('olltl'olh'd at IOD O C, The ('oppel' lIumber, a;; (,l'ported, 
js the JlillllIJ('r of gram;; of eoppt"r j'(·dlleed froIU an alkalille l:ioilltiou 
of ell pril' l:ill] phate by 100 gl'lUllS of dry cotton, 

'l',\llUl 3U,-Ph/ll<icu/ alld cl!cmir·u.[ Gh(I1I!I("~ ('{/II.~cd /)11 rarioiM irrmillg 1(1I11)('ra. 
I un'.~ 011 cicl1ized ,~h(('fillg8 I/ltllle frolll till' J ,~dcd('(/, CO/l(III.~ 

[Trlll)l('r'lIun' of irlllll'r roll, =,,0 tn 40° (',} 

; 1'rlll1'('r·
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I 
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, ,;:lriplitrtlJll(l. 

'1'11(, IIlPtllylpll(, hlll(' ab;.;orptioll was d('h'I'lltilWd in a lWllb'al sol\l.­
tioll of IIl(' th .vI<·J)(' hhw 11lIf1'PI'('d with potassiu/ll dihydl'Og('11 phos­
Ilhutc> nIHI sodiulIl hydl'oxid(', TII(' il'Oll<'d sampl(·s \\'(,1'(' ('ut as fOJ' 
til(' COPPl'/.' 1l111ll1)t'I' and til(' fluidity IlH'HSIlI'('lIlPllts; othpl'wis(' thp 
llH'thod folIo\\,(ld wa.s that of C'lil)lwIIS alld Gt'ak(l UD. '\Then the 
Hurly di,"idpcl ('ottOJJ IlHd 1)('('/1 tltOl'Ollg-IIly ('ondi! iOll('d. :L5-gl'll1ll 
saUlpl(·s \\'(,I'P :ulli('d to 15·('l' portions of tll(' lIwthyltllH> blm' :-olutioll 
jn sp('eial t11b(':;, Clll't' was tak(,11 to insllr(' thol'Ollg-h w('tting. .\'fter 
standing IH hours, tltt' )';01 u{ioll was ~wpnl'lltrd by ('('ntd fngi Il~ and 
10 ('('·of this titnl('cl u[!a i list Ill! ptho] ,\'rlIow S, OlW 11I01(l('ldp of which 
('ol/ples with two 11IOh"('u]('s of IIlpthylt'lH' hl11t', Thp absorption of 
IllPthyl('IH' hlll(' ill llJillilllols (J('I' 100 grail};,; of dry ('Ot/Oll is ('ul('ulated 
il'Olll tlw diJferPlll'c of titt.'r of J(J et: before aull nfter lllllllerl:iiOll of 
the ('ottOll. 
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DISCUSSION OF RESULTS 

In the interpretation of re~mlts obtained in this study, no change 
was regarded as significant which was Ies!> than 1 percent of the 
value ginn by th(' undamaged material. All changes in the ironed 
fabries were torroborat{'d b.'· rl'p('att'd t('!>ts, and tIl(> representative 
rmmlt:.; slllllmariz('(J. .\. g('JlPral ('xHlIlinatiOIl of thp values shows that 
a th,t('riorated ('ollditioll l'xi~ts ill tIl{> tpst salllplps at ironing temper­

,8'ri-------------------------

L 

/7-.3.3.5"(;- d-.32tJ '/::'
b-286" '/::' , b-27/'/::' 
C'La'!" /EHI'E.e4/tlRES'; C-Ld)I' /E/f/'E.e4WRES 

(7Q'FlRS/ TIIIRP OFHl5f£ UFE 
In~:LAS/ 

()'-.320 '/::' q-J.3J 'C 
.6-27/ Z;' q'LOIY TE/1PE-eATt/,eE$ 

C-Ltlff 12W,PEMTtlRES .6-JXJ't' 
6 cLOIY TE/1PE-eATtI,eE.s"

,-"--. -~------~ 
$ /17 /.5" 20 2.5".30 17 .5" /17 /$ 217 2.5" .30 

PRE.5".5"URE ((;£,4/'7.5" PE£ St;Jt/A£E CE#77NETEe.J 

PIGnm !!S.-FlolI'-Jlr('~~urr n'lal'i(lllHhip~ for cuprnulluolllunr solt/ilons of df'gize<l cotton 
sh(l('ting,.; lrollPd at ntriOl1~ t'PIIlIH'ratUl'('s: A. (:o(ld ~liddlinj! ('olton: It, MitldlinJ! cot­
tOil; ('; Strit-t !:rlOd Orrlinnrr ('ortou; /I, u~ ..t1 Hhl'l'tlllg~ (Stril't Good Ordlnury cotton), 

lItllJ'('." ('oIlHidpl':Ibly low!'1' thall thm;p at which a loss in bl'eaking 
str'PJlgth is first p\·id('nt. Tlwl'(, al'e 110 striking dilferellc{'s in the 
l'Psistalu'p to hpat HhOWI1 by tIl{' thl'('(' sh(>ptings under the experi­
mental ('o/Hlitio)ls of tht' !H'(>SPllt ;;tml.v. ",\Thill' then' is !>OIllP indica­
tion that high ironillg tpllIpl'l'lltm'('s han' Ipss pjf('et 011 shppting made 
frolll Strict Good Ot'(linar," ('ottOll. any ('onelusioll in I'('gard to this 
lllllSt be 111a<1p with sonH' l'Ps(,lTatiol1. parti('ula:-ly SIIl('P this muterial 
nfh'l' dt'sizing was sOIl\('what 10\\"t'r ill\\'('jght and thi('knp~s than the 
otht'l' two sll{'ptings. 

ReprpS(>ntati\'C' test l'l'slIlts 1'01' til{' thl'('t' dpsizpd shp('tings iroll('d 011 

the ('oolPr roll sm'f~H'p :11'(' I.!'in>n in tabh' !30, For the elesized mate­
rials, before being ironed, 'there is an increase in breaking strength 
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and surface l"efleetanee [lH well n~ It deerNls<' in ('oppel' number and 
fluidity in the followinl! order: Striet GOo(] Ordillary. Middling, 
Good Middlilll!, The fluidity ntlul';'; and tIl(> eoppl')' JluJllbl'rs both 
give slight indication of dl'tl'rioration in thl' dt'sizpd mntprials ironed 
at 2570 C,. whih' a( ~Il 0 t'halll!l'B of sPH'J"a1 l>l'r('Pllt an' noti('('ul)l(' 
in til(' fluidity ntlll,'s and ('WI! hll'l!('I' n'latiw elianw's in tlH' ('Oppl'l' 
munbl'r~, Aftl'r tilt' first slight illdivutiOJls of dalllage' till' ('OPIJI'I' 
11l1mbpI' ap]ll'al's to in('1'('as(' IIIOJ'l' rapidly than tIll' fiuillity 1'01' salll­
pIes irolled at the' salll(' h'IllIH'I'atllrl';';, Till' Sl'l1sitiwlI(,:,S of tIl(' ('op­
per-nUlllber d(,t('J'l1Iinations to tIl(' dptl'rioratl'd. ('ondition in til(> 
ironed lllatl'l']ul:;; SPl'IIIS to indieutl' thnt thp JIIo<iifipd ('l'lllllo:';t, Iwl'l' is 
entil'l'ly of thp J'pduC'inl! tyP(', This dpduetioll i~ IIIJ'thl'r strengthplwtl 
by the \"lilue!; for the 1IIelhyl('lIl' 1>lllp a!J::-.o)'ptioJl which d('('I'l,ltSP as the' 
tempel'utllJ'Ps rist', At tIll' hight'J' t<'mp(,l'atllrl's tlw ratp of this d('­
en'use bp('olll('S snwllp/' nllli til(> absorption f('IHis toward a lillJiting 
Tulup, Thp saul(' rNiu('illl! t.vpP of oxidatioll JlJ'odll('t dps(,J'ibl'd lwl'P 
was obtniJlPd by HalT and Hadfipld (8) whpII thp)1 ('xposl'd ('otton 
fabric'S to sunlight in tlw }))'('s('n('(' of ail' or {)XygPIl, Chung'l's of u 
similnr natllJ'(' dill' to mild oxidatioll with chlorine were also de­
scribed by BirtwplI. CliblJ(,llb, and Ridl!e (/J) , 

ThpI'(' was 110 l1Iurln'd nlJ'iatioJl ill tIll' amount of tl'lldpring 1'('­

c'pin'(! by tIl(' dif!'e:'pnt Shl'l'tinl!S as shoWIl by the flo\y-))J'p~sllJ'(, <1ia­
!!rams of tIl(' ('UI)I'lllllllloniulll soluti()l1~ of ('otton (fig, 2H. A. B. C), 
TIl('se graphs abo shll'\' that tilP yipld VallI(' H~ J'Pprpst'lltpd by tIH' 
intpJ.'('('pt on till' ]>I'PSSlIl'l' axi~ :q)p:tn'ntly d('('J'('as{'~ with tIH' 10\\'(>1' 
!!l'adps of ('otton, Tlit' linc' ( i Jl (':l('h in<l.i ,'id lIa I gJ'Ollp was olltn i Ill'd 
with II solutioll of tht' 1I1J(laIlHl!!l'd IIll1tpJ'ial. Till' fa"tt'r flol\' of tllt' 
>=ollltion ot dalllHg('d matprial 'i;.; showll p:raphi(,:tlly by til(> linps of 
grpatpJ' ,dopp, 1;'01' uolh tile' ~rid<llillg and titP ~tl'id (food Ortlinlll'Y 
('otton, lim' ([. gin';; thp now-prp;;slIl'P ],platioll;;hip obtaim·(J with a 
solution oI tit(' IlHltl')'jal i]'oll('d at ;~~{)-' C, Thp data ill tablp 30 
xhow that ;32()" ix ill titl' tPIllIH'I'atlll'l' rallgp foJ' whi('h dJaIl~<';'; in 
brpukillg f;tJ'Nlgtl! W('I'(' first p\'jdt'nt. l~inp ({ ill till' s!Jpptinl! I!I'OllP 
of Good ~riddlillg ('otton J'P]>I'(,SPllt:.; til(' f!ow-PI'PSSIU'(' l'platioll l'OJ' a 
solution of IlJah')'ial irolled at :m;)" , .\t thi~ tplIlppl'atllJ'(' the lo~~~ ill 
the lm'nkillg stl'l'llgtil of the ({oo(l ~Iiddlinl! ('otton "hl'ptilll! nll'iP(l 
ft'OIll 11 to 13 P(,I'('PJlt. 

A n'vi('\\' of tIl(' 1'C'f;Ults SllOW>; thnt till' Jllo<iifi(·d ('pllulm;C' 01>tai1)('<1 
undpJ' the conditiolls oI this ;.tu<1\' wa;.; alwllvs a('('OJllPUllipd by a 
IlWaSUl'H I)lp loss i 11 t If(' !ill I'fa('p rpf\(:{'hIlH'P of till' fa bri('s 1'01' light ot 
wnw length 4:3;').1{ IllilIillIi('I'OnS, HO\\'(·,>(,)" siJl('p Ihpl'(' aJ'C' so Illany 
faeto)'R w"iell J\I,IY IJp I'p;.:pollsibh' foJ' slld'ae!' (,0101' dUlng'p, otlw'J' 
tests JUlI:;;t U(' Illa(l(· to <I(,(p)'llIinp tll(' lI:ltllJ'P nnd Pxt('llt of dl'gra<iutioJl, 
Surfa('(' ('llllllgPS. us IlIP:tSIlI'('(1 by till' 1'('fl{'('ttllH'l'. aPJl('!\I'l'<l at ironing 
telllpeJ'attIJ'(''s as low as ~·1i)0 to 2470 (', 

'1'h(' ('Urn's in figllJ'p ~H,arl' )'('PI'PS('nhlti\'(' of thl' J'('f\{'ebllH'(' 1'('SUIts 
obtain('d wlwll th(l <1psiz('<l .Il1ah'J'ials aI'(' iJ'OIwd with the ('(Jolt'I' mil. 
('u1'\'e {( il1 paeb gl'Oll]> I'PIH'psPllts tIl<' J'l'sldts gi ,'{'II by th(· 1Il1<luIlJagt'd 
material. A eompal'ison of tlll' lo\\'t'J' ('111',-(,:-; with this olle shows that 
the gl'Nltest l'l'lati\'p ehang(· in light J'(1f1e('tioJl O('(,IIJ's in the violet 
pliTt of the SPl'('tJ'IIIIl C/:l:U'i lind -Hl.i Illillillli('I'OIlS), 

CUl'YPS J lind e ill pach gl'<JlIj> aJ't' the ollly one:.; showing a lloti('i:'­
nble change in tll(' I\·d P~ll't. of the spl'ctl'nJ11 ((j[j1 :lnd ,"03 millimi­
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crons), T1Ie:;(' an' of sp('('ial illt(:r('~t ~in('(' th(l~' WPl'(' uutaitlt'(l with 
samplt's ironed nt tC?lllperatuJ'Ps 111gh Pllough to produce mellsureable 
loss in tensile strength (a~OO antl :3:14:° to 3:16(' C.), For the s!lmple~ 
iroJ1('d at ;~();~~ to :lO·k' 110 ('hullgl' in 1'('lati,'(' J'l'lIpdall('p ('all 1)(' 1)otpd 
at 7113 millinliel'otls, and llll'I'P i" ouh' :L \'('1'\' :,Iight ditr('!'P!W(' at Hi:ll 
nli 1I i IHic'I'oll", . ' . 
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F'wl UI~ ~o ...... -n()nfl(·tH'H·I~ 1'lJry,·... fUf' IIp\\' dl'~h~"ll HIWi'Ou:.,.,.... il'OHPII at "III'loll!'; lfl'fIllw'rntl1rpJo;: 
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Till' gc'IlPI':lI pxpl'l'inH'lItnl ('OlH[itioll!'- I'PPl'PSPIIlpd ill t:lhl(' :H difl'Pl' 
11'0111 th()~l' oJ lallI<, ;W only ill til" hight'I' slIdn('(' t(,lIl1wl'ntm'(' of tIll' 
1'011 (l:Wo to la()O C'.), As this i:-. olll." Ull o(I('a:-;iollul t'onditioll ill 
til(' u"PI':tg<' llOu:-;(lhold irolling j>I'O('P!lIIl'('. it: l"(,PIlIPd lInlwc'pssa!'y to 
IllUk(' ('xtl'Tlsin' oiJ!'l'rvatiom; with til(' hottc',' !'OIl. 'I'll(' r(':-;ults ob­
taill('(1 with tllP thl'(>(' di{l'el'('lll l"hel'lillgl' gan' no ('onl'lllsiom.; incol1­
r.;ist('ni with tho~(' ull'Pudy dl'awll fl'om table' au, Tlw'y HlJgl!C'st the 



I-;unw type of altpJ'('d edltIlol-;e eharaetpl'iz('d by ill{'l'ca:;p(l Jluidity. 
higher ('opper T1UllIb('I'S. and lower ll1l'thylene blup absorption. Tilt, 
first indications of ehungl' in any of th('sl' threl' qllnntiti(ls 0('('111'1'('\1 

in til(' tPlllperatill'p nLllg(' 2:!4° to :!:WO, and in g()neral. till' changp:; 
Iloipd appPHI'('d at h'IIlPPI'lltlll'PS fllll,\';m 1)('10'" those gidllg sillliiuI' 
l'\'!:'111 b wi I h t ItI' ('()OI\.'1' I'() II s111'1':!l'P , 

'l'.\UUJ :11.-PII./INiNI7 (wd ('1wiII ;('(11 1'1ulllfl"'~ ('(IIl.~rr7 71/1 1'lIl'illll'l ;l'lJlli II!! Inll/II)'II­
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Mpt\slU'PIllPllts of th!' "iol('t light (\\":i\'(' Ipllgth.+:~,i.K lllillillli c l'Ol1l'i) 
l'eflpcted from titt> sllrftH'p of tIl(' 11'01]('<1 sllmplt'l' indi('atpd II dp(','pa:;('(L 
I'pflp('iallC'e at 2:!!P C, \Yith tlw ('(loll'r roll the sump l'\·latiw ('hangps 
()('('Ul'I'P<l in the l'angl' 245° to 24/°. 

T('st~ fo[' bn·akilig ~ tl'Pllgth Oil she('ting of :-:itri('t Good Or'dinary 
('otton gtw(> appl"OxillJatpl," a !l to 10 IWI'('l'nt In,.., at :!H2' C, alld 
Lwt\\"('<'11 !{ and;) l)(,l'CPl1t at ~85° C, Thes!' an' at IplIst :HP 10wl'I' 
than t!Jp t<'IllIH'rntlll'ps gi\'illg the SIlJllp l'hungps \\'ith til(> ('OO!t'I' 1'011. 
Nimilul' J'(·'.lIlts \\'(,I'P ohtailw(1 w.ith til(' otitl'1' two cotton;;, 

l'SEI) SIH:J,:rIXOS 

TIll' diagr'aills ill figul'P ~H, D, gin· tIH' fI()w-pl'(,~SI!!'(' 1'{'latioJ}slJip 
for sollltiol!l-; of II:-;('d ('ottOIl sh('ptillgs imllt'd Oil till' !'flolpl' 1'011 slll'fH(,(~, 
'1'lw two 10\\"('1' IillC's. a. ((', Wt'I'P obtai/H'(l 1'01' slwpti Ilg i l'OIH'd ut tlw 
(>lId of the fil,,,t thil'd of its wpal' lifp at tl'lllpPI'atul'ps :3:3:1" and 
145° Coo I'PsIW('th·('ly. The liups. b. b', I'Pjll'psPllt Jlow-pn'sslIJ'(' I'pla­
tions fOJ' sil('pting in th(, last titil'd of its ppl.'iod of 1I~(,. It is ('yid('IIt 
that a :-;oluUon of til(> llJOI'(' lIspd mut('I'ial ~;h(Jws a slll:dlp[, l'('luti\'(' 
{'hang(' in its flow thall clops t1u' Ipss \\'(ll'n mnUll'i:ti 111111('1' til{' I-;nn1(' 
l':lJ!gt' of ir'olling tpllIIJI'J'atllJ'('S, \Vhil(1 tllp l'pi-arIt;; illustl'utp(j hp!'p 
\\'e1'(' obtuiIwd wit'h sh('(ltings of Htl'jet (iood Ordinal'," ('oltOll, till' 
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slime changes wel'(' obtained with the GoOtt :Mi(ldliug awl tiH' Mid­
(Uing during tIl(> lust half of their weal' life, A ("ompnrison ot C 
and D in figure 2H shows- that tIlt' Ill'\\' desiz(>(l slll'eting has approxi­
mateh' tlw sallll' viehl ,'uhl(> as the llsl'd tllatpl'ial at tIl(> l'I](1 of tllt' 
first thinl of its '\\,pal' lift', out during til(> last half of til(' 1><'\'iod 
of \1st? tll(' yipld ,'altl(' shifts to Zl'l'O, This- was al:-;o thl' findillg with 
thl' two Shl'l'tings Wo\'PII f!'Om (loocl Middling alld )fiddlillg ('OUOll, 

Tht' IIlIIlIl't'i('al Y:lItH'S of tlll' fl\lidit~' gi\'(,l1 b,\' :-;on1(' of thp 11101'1' 

W(lI'1l lIIatl'l'ial 1'Ol' tltt' I(J\\, lIlId high il'Onillg t('l!qH'ratlll'P5 (L4()O 
RUt! ;~aao C.) \\'{'\'P ~O.~ and :H,:\, n'spl'din'I~', FOI' tilt' SHill(' t(>\11­
»(>I'iItur'(' l'llllge th(' (,OPI>(,I' n~lJllbl'rs ot thls malt'l'ial W('I'C' O,H\l2 and 
O,H9G, indi('ating no uIllIsl.lall,\' ial'gl' ('hallg<', COlltl'lIl',\' to till' uSllal 
d(,CI'C'HH' ill IlH'thyl<'lH' blllP ab:-;ol'pt iOIl oi>tain('(l with til(' IlI'Wl'\' matC'­
rials. tll('n' wa:-; all il1('n'Il:-;(' for til(' IllOl'P WOI'Il ~11(·dillgs, HO\\'t?\'l'l': 
at tllp l'1l(l of til<' fil'st thiI'd of its u:-;pful lifl'. thii' IIwt(.'I'iuL gan' 
only sii~ht ill(,I'('n:-;('s ill absOI'ptioll. llnd in till' fil'st 0Ill' tl'lIth of itH 
",put' lifl' tllpt'(' was a t\('c'idpd d ('(' 1'(,:\;;(' 1I1111('I' til(> Slllll(' i I'OlIi Ilg (,On­

ditiollS, If ud<litional ]'I';;tllis ('(lllfirm this ehang(' to Ull in('I'PHSP ill 
llH'thyl(,ll{' blue ubsot'(>tion fol' WOl'Il Ilwtt'l'iats g('[lp]'ally lllHle/' tIll' 
illflul'lH'P of Iwat. it i:-: possibl(' that ub:-;ol'ptioll llH'aSlll'PIlll'nts Oil 

mut('rials h('alt'd Ilndl'l' ('olltl'Olll'd cOllditions ('OIrid 1)(' 11:-.('<1 in <1p­
\'('lopillg a Ill!'thod to distillgui:-;h IISp!l ('otton frolll Ill'\\', Thl' Ill'l'd 
1'01' su('h II tpst ha;; bp('lI st l'psS(,d by "'i lilt(' :r lid 1)ollonlIl Vifi) iII till' 
I'x:llIIillntioIl of lilLill}.! matl'l'ials lls('d ill Ill'd(lilll! :111(1 IIpholstpl'pd 
furllitlll'('. 

Thl' l'pfketalH'p (,lIn'pS ginlIl by til(> lI:-;pd ('oltOll !-'h('l'tings irollPti 
with tIlt' ('old I'oll at 1+,,)0 Ilnd ;~3ac C, an' shown in figul'P 30. The 
i'hp<.'ting nt tIl(> PlHI of OJIl' tllil'l! of it;; \\'('al' li1'(' gi\'Ps abollt tl}(' samp 
t'piatin' dp('J'{'asp ill ~lII'fa('(' I'l'fl<'dioll at .~;l:j,h Illillillli('\'OIl~ us iH ginlll 
by IH'\\, sll('l'til1l! with appmximatl'ly till' :-;allll' il'onillg tl'IlIjl(ll'at:ul'l', 
How('\'('I'. nftpl' (WO thil'tls of it:-; lI:-;pful lifp this Illatprinl shows u 
1I111('h gl'('ntl'\' l'pLatin' <11'('1'1':\:-;(' ill I'(lflpd til l<'C', The SllIlIl' \'e'lati\'(~ly 
large' slll'f;I('(' C'hallgp pxistc'cI at :~a()O to :1;34 1'01' all :-;aIllph's nteas­
ul'Nl dUl'ing thc' last third of tllp iwriod of usp \'('gtmU('ss of tile fnet 
thnt tlw w(lights <1('('1'('11:-;('<\ hOIll ;\.7 to ;Ul Ollll(,(,~ ]>€'I' :-;qullrc yard. 
This saUl(' tyP(' of slIl'f:H'P ('hallg€' was fOlilld with all tl:l'('(' slll'etillgs. 
but til(> I'l'Hllt:-; gh'Pll hpl'p \\'{'I'(' obtairwd with tll(' slH'pting WO\'('ll 

frolll Htl'i('( Oood Ol'(linal'\' totton. 
In vic'\\' of (lip i')("'l':ls(,d darlwllilll! or til(' 1I10::;t \\'m'll IIHlt!'riais !It 

high il'OIling t(,lll(lPI'atlll'l's. {Il'tl'I'llIillaliolls \\,(,1'1' Ilwcle of till' fat (,Oll­

(Pllt llS \n·ll a;; tIl(' pH ('xfl'ad of tl\(, tlllil'OIW(j Illntpl'ials, E\'t'll for 
tI\(' ;;IrP('t:illg ill tlu' la~t pl'l'iod of it:-; w('al' Iif.. tIl(' flit ('Oll\{'nt wus not 
found to b(' pss('ntiallr dilf('rt'nt from that of the nt'w tlcsiz('d llla­

t:Pl'iuls. TIl(' pH of illl' ('xtl':lct obtaint'll fl'om ;i-gram sample'S of 
both till' W<ll'n and till' IIPW nrnt(,I'ial:-; illllll{,I'H'cl in 100 ('l' or boiling 
watel' 1'01' 1 holtI' 1I('('ol'ding to a llldilOd dl'H!'l'ibed by S('w (4.() was 
appr()xIItlllt{'i,r thl' s:1IlH' Us that or the di~lillt·d \l'lltpl' IIs('d. All 
the, WOrn :-;hel'ti ng Illn 1 ('l'ia l.s llS~'<l iu tb('Hl' {lx(lel'illll'n (s Wl'1'e thor­
oughl,\' l'il1S{,d ill di;;tilll'd \\'alpl' h{,fol'l' b('illl! iI'OIll'<l, It is 01' 
('(Jlll'sP pmiHiblp tlwt th(' dal'lwlling of til(> i'nbl'il'!-; ill tiH'ir 11101'(' \\'01'11 

stah' /1111\' 1)(' sOllll.'wlw( lI11niogolls 10 till' t'ollditioll descl'ib('(1 bv Fort 
(.]0) in '(,OIlllP(·tioll wilh til<' twat tl'l.;t lIppli('([ to tC'IHI('I'l,d l'Oti()ll, 

His llwLhod, !tOWl'\'l'I\ WlIS t\p\'{'IOI)('d as 11 menns of detecting oxic1ll­
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tioll tendel'ing~ which may not bE' pal'tieulal'ly gl'pat for IlHlh.'I'iah; 
under normal ('onditions of us(', TIll' y('llowing: (>ff('('t IIpon oxida­
tion produets of the ['('ducing typP has also hePIl r(>('onlt'd by Birt­
well: Clibbens, and RidgE' (.'1), 

"---l 
_-----=::::-:::: I

~j
I 

V'LOIY T£,,?PER,4TUR£S 
.6'.7.}'J't' 

O-"lt'II' 72,~"'P':C";,~~/,.cL;'':/ 
0-.7.7.7(:> 

FHH'IU: ::0. H(lUt'c'lalu'p "tll'\·ps for u!"('d .,..hPf·tirq.~:-. 1I1j1f1,~ or Htr·kt nOOft Ordillary ('olt01l: 
A. fo'ir~t third of "'I':lr lifl'; II. hI,' lilil'll "r WI'Hr lifl', 

CONCLUSIONS 

Th,'p(, :-h(>('tillg:- iliad!' fJ'(J1II :-plpd('{l ('ottOIl:- I'pp],psPlltuti\'p of the 
Good Middling (Xo, :3), )Iiddlillg (Xo, 0), and Htriet Good Or<ii­
lI:tl'y (Xo, k) gl'udps, I.'pspC'd i \'ply. w('['e ironed at known tl'lIIp(,l'atul'(,s 
witli a Itousphold il'ollPI' of tlll' ['oil t,\"P(' with a I>I'(,SSIlI'(, l>et\YC'E'1l lV, 
and 1% ]>ollJHls to tlw sfJlUU'(' ilWh, Eael! faln'ic' salllpl(> 'wa~ ('cndi­
tiO)w<i at fi.l pel'cellt I't'lnti\'p humidiL\' lind hl'OlI~ht in :-liding' ('on tact 
with tIl(.' IIPa(t'd IlIl'taIJj(, shcw for alH;ut ~li" s('('onds, 

Thl' {it-siz('c\ Illntt'I'jai." dalllng('d In' iI'(;'ling wel'l' dJaI'ac(PI'iz('d lIy 
ilH'J'('lIsed IIl1idit,\' i." {'Upl'IllllIIIOnilllil ::iolutioll, higl!l'" ('OPIH'I' Illllll­
b(,I's, and ('onlpnl'a!n'ply Ill\\' IlIPtiI.rIl'!H' hlll(\ alJsOI'pilO1l H:- \\'('\\ as by 
u dl'('J'('l\s('d HIt,rUC!' !'pijl'dHII('(' in til<' \'iolpt pad or till' ::i1H't"tI'1I1l1. 

SilllilHI' ('hUllgl's \\'('!',' oiJtuilll'ri ill til(' tlll'p(, (YPl'S of' ,.1H't'tillg 1111(1('1: 
th(~ ironillg {'(JllditioIlS c!('Sl'I'ilwd, TIll' ~tri('t Good Ol'dinar,)' ::;110\\'('<1 
II slightly gl'pu(!'1' I'('Si::;tHIIl'l' to I}('at thall til(' Qtill'I' (\\'C), !Jilt the 
::,IH'ptillg' of tltis ('oltOIl WHS fOlllld to bp sOIll('\\'ilat lowl'l' in weight 
and thickllPl's a ftpl' dl'sizillg thall \\'l'1'1' lite othl'l's, 

At il'olling t('IJIj)(,l':ttUITS abo\,(' ~ l.1° (', ('hall~('s \\'('1'(' obselTI'(1 III 
ull (11(> sh('ptingB whell thl' initial surfuce t<'lIll)(,I'atlll'{' of till' pati(led 
roll was 38° to ,Wo, The 111.'st Il(lPl'('('iaIM loss in t('llsile stJ'Pllgth ap­
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pea red in the rangl' aU5° t~) mwo. Slight ilHlieatiomi of chel1lieal 
dl't!'rioratioll weI'{' obtained as low as ~5GO to 2;)," and changl'~ ill 
surface l'('fil'etall('(' first (IcelUTed at 2-:1-5" to 247°. 

'Ylwl1 th(' 1'011 slIda('p attained a temperatlll'l' frolll 120° to laO" c. 
indieatiolls of detel'iol'ation W('I'(' obtained for ironinl! tenl)('ratul'(ls 
2;i C to ;30° low!'I' than with the ('oolel' roll, At 2200 a c1(,(,l'l'asl'd SlIl'­
fu('e l'!'fh'dall(,!' was Iloh>d fol' lil!ht in till' violet part of til(' l"'[le('trull1. 
alld the fjrst indi('atioll~ of ('1I('mi('al (h'gTadatioll O('C'lIIT!'dhol1l 2~-I:° 
to 2:WC. 

III tlH' first thin1 of its lIs!'illl lifl' the wom shC'C'tinl! of all t11I'(,(, 
types s('ol'('1wd no 11101'(' pusiiy than t1w lH'W dC'~ihC'cl lIlatl'l'ial. How­
.ew1', ill the last til iI'd of its weal' lifc> t1w. worn mah'ri al 'was llIuch 
1ll0l'(' (,Hsil" da1'kt'llpd. ail ::;lIoWI1 Iw H d('('l'!'ased ~ud:l('p I'dlc'C'hll1(,(, at 
till' hil!hpj, tl'llIppl'atul'll~, It aiso Itad a II il!he I' Illl'thyl('IH' bltJ(' 
nh::;o1'ption, ' 

All il'Oning ])1'()('C'clul'(' was (kn'10»('(1 in this ~tllc1,\' wllieh inyoln)tl 
tlll' (,OlltTO!. JIlnint('IHU]('(', ant! llWaSlIl'('llH'nt of till' tl'IIlI)('I'atlll'e of til(' 
ironer, tlw ('ol1tl'Ol of till' Ill(li~tlll'l' ('ontellt of til(' fa!)I'ic to 1)(' il'OIWd, 
and til(> I'Pgtllation of tilt\(' and PI'PSSl\I'(' f:H,tol'S, TIIP !lwthod~ 
c1('s(,l'ill('c1 al'(' applienbl(' to n'~('al'('11 011 ironinl! alld 011 tt'llIp(,I'atlll'P 
t-i!'(,!'ts ill fini,..hitll! durinl! IlHll1llfadur(', 

SCi\DIARY 

Tll an ('ffort 10 ('Olllpal'(' SOIll!' Pl'opPl,tips of ('otton fi\)('J's, ynrns. and 
fabl'i(')-'. an<l to fnl'nish a IlHsis for studying thp 1'C'lntion of tltl' qllality 
of I'aw ('oltoll to thl' s(,l'Yi('(', lalllHlpl'ing, and il'Ollillg- PI'o]wl'tips of 
fabri('s 111111111 I'al'! II 1'('<1 f 1'0 II I tllpllI. ;1 hal(ls of AIll(,l'i('an upland ('oUOII 

fl'Ol1l Ihp Tl'xa,., a rPlI, (,I'n» .I !l2X-~!l, )-,P)pdl'd to I'(>I)I'(':-('nt ('aeh Good 
Midrlling-, ~Iiddlilll!' and StTid Oood Ol'ciinal',\' g-I'atlps, appl'oxi­
1I1l1t('ly 1 ill('h ill !"tapl!' It'l\gtll, alld similal' ill ('hnl'ad('I', \\'('rp llIanu­
fal'tlll'f,(j illio shpPiillg (If a (1pfillit<, ('Ollstl'lIdion and stlbjpd('cl to 
"'I'I'\'i('(' alld il'(lIIinl! tp::;(::;, TIH' (ll'sITil)('c1 ('ollditions an([ PI'()('('dlll'('S 
Pill plO,Yl'd \\'PI'(' ('ollll'ollt'd and \\,Pi 0111 pa I'allil', i nsoi"l!' as ]>ossi bll'. 

()b,.l'n'ations \\'('1'(' madC' Oil tIl(' \)"ha\'iol' of til(' cot tOilS dUl'ill1! 
111:1 IlUfa('tli l'(' and hOllll' I)}'('('i::;p IlI!'HSII 1'('111('11 Is WPI'l' obta i !It'd Oil t IH' 
1iIH'I'S ill tlH' I'a\\' ::;jo('),l"' ulld Oil tllpil'illtC'I'lllpdiatl' PI'Odll('t)o;, yal'lI!'. 
Hlld railli('s: ('(,I'tain ph,"sit'ul allli ehpmi('al :I1I:Ilyl"'(,:'> "'PI'(' Ill:lde Oil t1w 
!'11<'('(1"' :\)0; a ba::;is oi'd('t(ll'luining th('il' !'('ITi(,pahility nllel tl1('i1' I'l'sist­
al)('(, to il'()llilll! ('OIHliliollS, The spttill,g of till' problem, till' lIlah'l'inls 
and pl'o('('dllJ'(' ('11I»lo,\'l'11, thl' J'('snlt::; obtailH'(l. alld til(' sIW('ifi(' ('011­

elm"ions dl':I\\'n :tn' PI'C'::;PII((·t! in til<' <1istind but ('lo::;('ly l'platNi pal'ts 
(if thC' hllllPlill, 

III ('ollsidl'I'illg the filldinl!~ It!'l'e l'('pol'h'd., it ::;1101I1d bt· point('d. out 
(ltat Hw ob!-'('I'\'utiolls IIlHtll' lin' 1!l'lIl'mlly ill lill{, with tllo;;l' I)I'('\'iou!']y 
mad!' in ('x(H'l'iIlIPlltn.l and. ('Oflllllt'I'eial Illallllfa('tlll'P of ('OtiollS (If 
difi'('rPllj grade'S, I Jl ('(,I'tai n install!'!'::;, tll(, th 1'('(1 ('oltolls ha \"(' Jlot 

(ri\'l'1l !'('::;ttlt!' whi('h wOlild be anti('ipatpd fl'()lll (\wil' (TJ'adp \1('silr­~ ...:-'; ~ 

1l11.tiOllH, How!'\'I'I', t1H' I!rad(1 fadol's do Ilot I'd'<, I' to fib!'I' pl'Olwrti(ls 
whic,lt ill till' fiuni uual,v::;is mllst lal'l!pl,)' ('!llItl'ol 111(' spinlling 1)('­
IIH\'iOl' and Illp val'll lIlld faln'i(' (,lIul'udl'l'il"'ti('s. 'Within nllv !,d\'('1\ 
gradl', 1'01' illstaiw(', tlw~(' fi\)(· .. l)l'o]lt'rti('s lIlay vUl'y gl'l'utly' lind it 
is this 'I'ar.iabilit,Y whi('h llliUh se(,k to O\'l'l'<'Olil(' by mixing tl\l' stil('k 
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from a ('ol1~id(>rabl(> 1ll1mber of bah's. Samples ill till' form of indi­
,'j(lllal bah,:; tllkl'lI from ('Pl'tain 'Yr:tc]p !'utp"ol'i{'s. til('I'\'I'ol'l'. (',Ill !!iYe 
only a limitt'fl pietul'(' of til(' an~'ngp :lnd ~an/!(' of' l-'pinning ql\:ility 
al-'~ociatcd with gradc', It..b: b(']ipn<l. Jl(>\'l'l'th(>lp:-s. thnt ill(' PI'(>!'Pllt 
J'C'!'lilts are 'n'll worth "'hill' for ilHlil'atin.!! :-ollll'thilll! of til(' !'nnw' of 
l'p~ults to bC' obtain('(1 frolll tIl(' <lifr('I'Pllt gra(h·,.. IUI(1 for o!'i('ntin!! til('
attaek in fUt111'(, :-;llldi(':-, - . 

'1'11(> Good )fiddlin!! and Btl-iet (loOt1 Ord inil I'y coltons f'ul'nislw<l 
\Yn~t(' ill qUII nti t., ('on~idl'l'(·d ll,"('rag!' fo!' tlwi I' r('~p('l'ti \"(' gra(les: tho 
:\Iid(llilJ/! ('ottOIl ~aY(' };O/llC'wi1at 1(':-;:-; wnl-'t(' thall tlIp H ,'('mge of thh:; 
!!l·IHll'. Durin!! thp ('0111':-;(' of I1lnnufa<'illJ'('. till' l<'ll!!th (If filwt'<; froHl 
til(' till'Pl' eott<;ns did !lot dUlIl!!(' appre('iably, 'I'll<' IHllllb('l' of ('llelS 
bl'Olwn ]>('1' 100 spilldh·;. PPI' hOlll' ill('I'I';1,..(·11 with (l(,(,I'!'H;;illg gl'adl', 
As II I'N·lllt of tht' fini"hillg jlI'O('P";;;, a l'l'du('tiou of aoout 1·1- pl'l'{'f'nt 
O('('UlT('(1 ill tit!' width of tiw :;il(·ptillg. Hc('qllJpallil'(l b," about a :3-p('1'­
('C'nt in(,I'(':1;;(, ill 1pl1!!th, 

The hrillim1<'p of til<' ra \\' ('ott(ln..; (i('('l'pa ..."d a;; til(' !!I'atll' 1)('(':1111(' 

10w('1' all<1. altilOl1gil til<' sjll'pad b<'I'alllP ,..mall!'1' a ftPl' li1<'lwhing. thi::;. 
J'(·ilttiol1wu,,; l'\'i<lt'nt fol' tlip ('ottOI1i' throllghout tiH'il' mnnufa<'ture_ 
rII !!PIlt'l'aL tilt' i'pPi'tl'Ophotollwtl'ic HlPai'IlI'PIlJl'ntH' llladt' 011 thl' fabric's 
(·~tahlisllf'(l a :-;illlilnl' J'(·1ation. but ;;OllH' diffpl'Pllc('s in l'dlt,(,tion 'n~rc 
IlbSPI'\'P<! IlPhv('('ll til<' !!I'ay and til(' bh'H('lH'll :faIJl'ies, :I;; <'xplaim'(l. 
Although the /!I'ay fubrics manufaC'tlll'('d fl'om thf' lowC'r gl'llc1C'H 
"hm\'(·<l on tlw an'I'agp a Jal'!!('l' II1ll1lhl'r of finl' pal'tidps of fOl'eign 
IlJatt('r. Ow lini:;lll'd fabric'!'> \\'PI'(' pl'lH'ti('nlly fl'('(' of :-:tH'h ('xtral1('OllS 
111 a ttN', 

'I'll(> ,\'arllS lIJa<ip from tllC' Oood )li(llliillg :11\(1 Midlliing cotton;; 
WPI'(' approxilllatply (,qual in "tn'lIgth: tilOl-'l' froll1 till' Strict Uood 
Ordinal',\' \\'('1'(, 10 to 11" p('J'ccnt wt'nk('I' than tilOS!;' from either of 
tlw Otlwl' two rrl'U<!('s, Th(' ('olTcet('d tensi1(, Stt'PIWtil of the (yray 11l1(1• t""'o.. . r t'1 •

of th(' blNWlwd fnbl'lr~ dl'('l'pasPll as the ~l'ad(' bp('ulIH' lower, but the 
1'('lati\'(~ strpngth of til<' "i'nbl'ic from th(' ~1i<ldlillg cotton was mut'h 
MareI' to that for the Good Middling thHn to that for the Btr'l(,t 
Good Ol'di Iiary, Thp bm'!'>ting !'>tl'pngth of the' gray and of tho 
bleaelwcl falH'j(,S froll) the Good l\Iidtlling and Middling ('ottons \Yas 
:.bollt p([unl and was much highC'r than that of the ('olTesponding 
i'llbl'ics Illade frolll the Strict (tood Ol'(lintlry, BI('urh ing 1'eHuitNI 
in a l'P<lndion of approximatdy 3:3 percent in bUl'sting stI'ength for 
the fubrL<-s, 

Thp ('hang('s in the physical antI ('lwllli("al dltlractPl'istics of tho 
sh('('tiJl!!s that \\'('re math· :from tlwse thl'{'p s('lpcted ('ottons and Sl1b­
j('ded to ('ontl'olled selTi('c and laundel'ing w('re <1('t('l'Il1i11e<l at in­
h'ITa1H c1ul'ing tl1('il.' wear-lif(', Tests were made for weight, thl'('ad 
cou nt, thickness, breaking strength. bUl'sting strength, shrinkage', 
fluidity in cupl'ammoniullI solution, copper number, and methylene
blut' absorption, 

As menslH'ed bv phvsicnl tests the she('ts of Btriet Good Ordinary 
('otton were w('nicer jllitiltlly and thl'Ollghout their period of wPllr 
than those made of Middling and Good Middling cotton, The lnttel.' 
two were of the same order, The sheets woven of Btrict Good O"di­
nary were slightly more deteriorated at the cnd of 200 washes than 
were the others at the end of 225. The copper number and I1lPth­
yle11e blue nbsol'ption tests in this study showed that the cellulose 
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of the Strict Good Ordinary cotton was less degraded during the 
major part of its wear life than was that of the other two cottons. 
However, jn the last stages of wear it was slightly more deteriorated. 
The oxidation product formed was characterized by greatly in­
creased allinity for n1t'thylene blue. .., 

The maximum wear ()CcUlTed on aU of the sheets at the section 
lIstlUlly occupied b~r tIl(> shoulders. There was no incrensed wear on 
the middle fold and no change in the unused sheets after :3V!! 'yean;' 
storage. 

The new sheetings made of the select('(l cottons were desized and 
i,·(mec1 under controlled conditions of temperature, tinw, pressure, 
and moisture. The ironing procedure was den'loped ,~'ith a house­
hold ironer of the '·011 type in which the press\1l·e 1I1:~intained be­
tween the roll and tlH' heated shoe wns 1% to 1% ]loI1lHIS l){'r square 
inch. The time of sli(ling contact of the sample with the shoe was 
about 2% seconds. 

1Vhen the initial slIr£aee temperature of the padded roll was 38° 
to 40° C.. no chnngl's w('re 1}I·o(luC'ed in til(> cottons at ironing tem­
peratnres below !H:>O. At the highest i,·oning tempt'ratures t1st'd all 
rl('siz(>d sheetings shmwd n lower breaking strt'ngth, a decrenst'd SI1r­
fart' refl('ctmw(' in tht' violl't part of the sp('rtrUI11. incl"('as(><1 fluidity 
in cllprammonimn solution. high(>r copp('r ntlmb(>ril, and n compara­
tj,'(>ly low methylpTl(, blu(> absorption. 

Then' wnil sonw iIHlieution of a slightly greater hl'at resifltance for 
th(' c1t'siz('d sh('(>ting made from Strict Good Ordinary cotton than 
fOl" thl' otlwl" two sht'('ting-s. Before being c1nmag('(] by ironing thi~ 
<1Niized mnt('rinl ma(1e from Str'ict Good Onlinnrv cotton hnd lower 
values for brl'aking str·eJlgth and Hllrface '·I'fI~('tnnl'e ns \Y(,ll as 
hig-liC'l" vallles -1'0'· C'opp('r nllmb('r ancl flui(1ity than the sht'C'tinp:s 
"from ~Iiddlillg nnd Gona Mi<1(lling cotton. 

'Yom sheC'tings made of tlH' thr<'<' s('l(>('te<l ('ottons wC',·p subj('c-ted 
to the snnH' i,·oning" ('on<1itions nfter (liif('l·C'nt pt'riods of sel·vice. 
Durinp: til(> .fi,·st third of tlwir tls('tnl life they nl] ShOWNl physieal 
1111<1 e\wmiral ehnnges similar to thos(· obtaill(>(l ~with tIl(' lH'W (]e>sizt'd 
mah',·ials. Howpw,'. in the last thi,·d of tlwi,· wear life. the ~worn 
mat('rhlls showed a gre>ute>r (I(I('rl'HSe in sudacl' rdlectance am] n 
hight'r llI('thylene blue absorption. 
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