
University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Masters Theses Graduate School 

12-1959 

Some effects of irradiating cotton yarn in the plasma of an Some effects of irradiating cotton yarn in the plasma of an 

electric discharge electric discharge 

John R. Barrett Jr. 

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 

Recommended Citation Recommended Citation 
Barrett, John R. Jr., "Some effects of irradiating cotton yarn in the plasma of an electric discharge. " 
Master's Thesis, University of Tennessee, 1959. 
https://trace.tennessee.edu/utk_gradthes/8829 

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F8829&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


To the Graduate Council: 

I am submitting herewith a thesis written by John R. Barrett Jr. entitled "Some effects of 

irradiating cotton yarn in the plasma of an electric discharge." I have examined the final 

electronic copy of this thesis for form and content and recommend that it be accepted in partial 

fulfillment of the requirements for the degree of Master of Science, with a major in Biosystems 

Engineering. 

C. W. Bockhop, Major Professor 

We have read this thesis and recommend its acceptance: 

R. B. Stone, C. H. Shelton 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



Hormibcr 24^, 1959 

To tho Oimduato Counellt 

Z mm. ottlnalttl&g horoidth a thoolo orlttm by John &• Barrott, Jr^ 
Ontitlod "Soao Effoota of Irradiating Cotton lam in tha Plasna of an 
Blootrioal Biaohargo*'*' I roeoDBwnd that it bo aoooptod for nino <|uartor 
houra of orodit in partial fulfillmant of tho roquiromonta for tho 
dogroo of Maator of 5oloneo« with a mjor la Agricultural ibiginooring* 

Itejer frdiSeseorrofa 

Va haTO road thla thoaia 
and roooBinend Ita aoeoptaaooi: 

Aoooptod for tha Oottnolla 

Doaa of tho Graduato SoKi&bl 



33 

SOME imCTS OP BtRADUTnrO COffOV TAiai t» 

IBB VLkSUk OF AH MJSCTRIGAI. DISCBAS^ 

A THESIS 

8ubaitt«d to 
fho Sraduftto Gomoll 

of 

Tho Qnlrorsity of ToanotBOO 
la 

Fu.rtiM.1 Pulfillmont of tho SoquirtnintB 
for tho dogroo of 
Ibistor of Soioaoo 

tf-

Jeba &• Borrott, Jr, 

Dooomber 19S9 



TABU! OF CGIiTEBTS 

CHAFTSX HSt 

U ntTRODtJCTICR & 

8«a«r«l •tAtinMoitt •••*•••••••••»•••• t 

PurpoM of th* ftody ••••••••••••••••• tt 

R«Ti«w vf litcratar* ••••••••••••••••• t 

Thtory of tho diooharKO •••••*»»»•■»••••• W> 

Fx^Iialnary atadioa •»*••••••••••••••• fi 

Kmbor of broaka ••••••••••••••• • ••• • 

Soopo of tho atody ••••••••••••«••••• XA 

Qanoral atotheda and prooodaroa •• ••••••»••• \Z 

11, DESCRIFTZCH OF TBS IRSAOIAIICH APPARATUS •••••••• 18 

Sbod for thla apparatua •••••• •••»•••••• 18 

Bobbin holding ohanbor ••••••• ••••• •••• 15 

Irradiation aootloo. *«•»•••••••••«•••• 19 

Wind-up dorioo 55 

Slootrloal ayatoa ••••••••••••• • ••••• IF 

Taouun ayatoai •••••••••••••••••••• S8 

SffootlToaoaa of tho aaehlno ••••••••••••• S9 

III. TKEAfMBlf OP TBB 7ARW «) 

Doaerlptlon of tho yam •••»•••••••••••• 50 

fotroduotory InforMLtloa •••••••••••••• 80 

Flbor aaalyaia •••« ••••••••••••••• 50 

Carding, drawing and aplzming •••••••••• •• 81 

44S49G 



 

 

 

 

 

 

 

 

 

ill 

CHfcPTBR. . urn 

III* (eontlntt«d) 

8«tting paraiMt«ra of irradiatloa %r«atBMat ••••«• S£ 
I » I- » <• 

Favfe-lmidlation trtatmnt 40 
J 4 » 

Kalaxatlon 40 

OeaditioQlng ••••••••••••••« •• ••• 40 
• f"" c' ► * I 

Spaeifio traatMUta af th« yarn • • • •••••• ••• 41 

IrradlatioB aad aontrol ••••• • •••• • • ••• 41 

B^haael axtraotlcm and/or irradla4ioa ••••• ••• 41 

MMlpvlation aad •raottatioa •••• ••••*•••• 42 

IT* TlSriMO TB8 T4RI 
i ■ 

OatorlptloB aad aparation af tha Uatar aantinaotta 

braak taatar ••••••••• • • •••• •• • •• 43 

Maahlaa praaaatatlon of data •• ••••••••••• 47 

Mathada of araluatiag tba awaauranaata •«•••••• SO 

7* lESDLTS Of THE OTUDT 60 
t t- . . . . 

CNinaral atatanaat ••••*■ *•*••••••••• • 66 
4 -i' 

4ppaaraaea 56 
* I - ' 

Llnaar danaity • • • • •••• •• • • • •«•••* • 67 
i * I ■ 

Braakinc atr«ag4ha aad atrangth Inoraasas •• •• ••• 57 

Braakiag atrangth ataadard dariatlaaa •••*•*••« 60 
» ' « 4 I i 

ftraaklag atrangth aoaffiolaat of rarlatioaa «*•••• 60 

Braaklag atrangth fra^aanay diatrlbutioaa 64 

Ifaaa acnparlaoaa of braaklng atrangtha • •• ••••• 64 

Sloagatioaa ••• • ••• • • • •• • • • •• 65 



 

!▼ 

CEAJPTER PAGE 

y* (oontlniMd) 

Elongfttlon standard darlationa ••«•••••••*• 68 
f <i » 

Blongatloa ooaffiolant of varlatloao ••• ••• • • • 68 

Molataro eontoata ••••••••••••••• • . . 68 

Propoaod futuro atudloo ••• • • • • •• • • •• • • 72 

VI» SOMHARI , ••..•••• ••• . - 78 

Zotroduotion ••••••••••••••••••••• 78 

Effoott of tho irradiation on yam qiualitloo • • • • • 78 

Peositlo eaoaoa of tho aotiood offoota ••• ••••• 78 

BIBLIOGBAPHT •••••••• • • , •••• 76 

kVmWTX A ••••••••. • •... . ••.. .••,.•, , 80 

APPBTOIX B 88 

APIBHDIX. 0 •••••*••••••••••••••••••••• 85 

APPBHDIX D •.••••••••♦• •• •.••••.. 88 

APPBIDH E • 90 

APi®roix: p 68 

APPEHDDC 0 103 

APJSiroiX H .• .• •.♦•••••••..•• •••• 108 



LIST OP TAHJiS 

TABLE PAGE 

X«. Brvaklng Strength and Elongation Data fron Singla 
I 

Strand Broaka of Doltapin«»lS #10 Yam Brokan on 

an Zhatron Toator ••••••••••••*•••••• 9 

ZI» Llnoar Donaity Data fron Singla Strand Irradiatad 

and Control ASdl*lQA Cotton Yam Brokan <m a 

Uatar Taatar ••••••••••••••••••••• EE 

IIX« Linaar Danaity Data froa Singla Strand ABdl-lQA 

Cotton Yam Traatad by Tarioua Mathoda and 

Brokan an a Uatar Taatar ••••••••••••••• S4 

IP. Data Uaad in Sotting Panuaatara for Irradiation 

Traatnant of ASdl-lOA Cotton Yam fron Singla 

Strand Braaka en a Uatar Taatar•••••••••••• S9 

T. Moiatnra Contanta of ASdl«lQA Gotten Yam Sanplaa 

Uaad in Breaking Strength and Elongation Taata • « •• 71 

TI, Breaking Strength Data from Singla Strand Braaka 

af Irradiatad and Control ASdl-lQA Cotton Yam 

Brokan on a Uatar Tester ••• •••••••••••* 01 

TII. Breaking Strength Data from Sizigla Stiand Braaka 

af ASdl-lQA Cotton Yam Treated by Tarioua 

Mathoda and Broken on a Uatar Taster ••••••••• 92 

Till* Breaking Strength Statistieal Data from Singla 

Strand Braaka of Irradiated and Control AEdl<-lQA 

Cotton Yam Broken en a Uatar Taster ••••••••• 92 



 A • 

Ti 
/ 

TA.BLB PASS 

]X» Brvakiag Strength Statistical Data from Single 

Strand Bareake of AEdl-lQA Cotton Tarn Treated 

by Tarloua Methode and Brokm tm. a Deter Teeter • • •, 94 

Elongation Data from Single Strand Breake of 

Irradiated and Ccaitrol ABdl»lQA Cotton Tarn 

Broken on a Deter Teeter 9S 

^1* Elongatltm Statistical Data from Single Strand 

Breaks of Irradiated and Control Aldl-IQA 

Oottme Tarn Broken on a Deter Tester •••••••• 96 

XII* Blongatlea and Elongation Statlstleal Data from 

Single Strand Breaks of AEdl-lQA Cotton Tarn 

Treated by Tarlous Methods and broken on a 

Deter Tostsr 97 



titp or pioTOSs 

FIGURE 

1* Brvakine Strength Fersua Twlit for Control 

Irradi&tod Doltaplno-lS Tea Count Tara•••••• «, «• 7 

2* Elongation Veretw T-eiet for Control and Irradiated 

Deltapine-lS Ten Count Yam 8 

S. The Complete Irradiation Apparatui IS 

4. Bobbin Holding Chaadter 17 

5. &}bbia Holding Chamber Shewing PlaomMat of 

Harp Bobbina 18 

8* Bobbin Holding Chamber Showing Flaoemant of Spool 

Type Bobbin jq 

7, Bleetrodea and Aaeeably 81 

8« Irradiation Chaaiber 88 

»• Cea^reaaicm Fitting • ••••••••,•«««««,«« 84 

10« The lind-up Device 88 

11* Spun Yam of Vai>iotte Twiata •••••••••«.•,,• 85 

18» Plot of Data Used in Setting ParaiMtera for 

Irradiation Treatmant of AEdl-lQA Cotton Yam ••• * • 88 

18* The Uater Yam Strength Tester •••••••••«•••• 44 

14, The Gripa of the Uater 48 

15, Iholined Plane Loading Devioe 46 

16, Ruled Paper Strip Showing Yam Strength and 

Elongation Reoordinga of Individual Breaka ••«•••• 48 



rlii 

flQIIBi fuss 

17* Bnakine Strength Fmqusnoy Di«trib«ti<m »■ 

Dropped by th« Uat«r •••• ••• • •*•»•*• •,• 49 

18* AoouaolatlT* Braaklng Stnmgth* Slengatloa $aA 

Sunbar of Breaks Countors ••• •••••••«•••• SX 

19* Tarn Count Versus Twist for Control and 

Irradiated ASdl-XQl Cotton Tarn •••••••••«•• 88 

to* Tex Versus Twist for Control and Irradiated 

AEdl-lQtfl Cotton Tarn •••• •• • ••• • • ••• •• • 88 

tl* Breaking Strength Versus Twist for Various 

Treatnents en ASdlolOd. Cettcn Tarn • • • • •••••*• 89 

22* Strength Inorease of Irradiated Orer Control 

Versus Twist of ABdl-lQi Cottoa Tarn ••••*••••• 81 

23 • Breaking Strength Standard Dewiation Versus 

Twist for Various Treatnents of ABdl-lOd. 

Cotton Tarn • •••• •• • ••••«««••*,*« . 82 

24, Breaking Strength Coefficient of Variation 

Versus Twist for Various Treatnents of 

AEdl-lQi Cotton Tarn •••••*••*•••«*•*•* 69 

2S« Elongation Versus Twist for Various Treatments 

of ASdl'lQh Cotton Tarn •• ••• •*••••••• •« 88 

28. Elongation Standard Deriation Versus Twist for 

Various Tiwatments of AEdl-lQi Cottcm Tani •••••*• 88 

27* Elengatien Coeffieient of Variation Versus Twist 

for Various Treatments of AXdl«lCia Cotton Tarn ***** 70 



Ix 

FIGUBE HUJE 

28• Fr«qu«noy V«rsu« Breaking Straagth of Control 

and Irradlatod iSdl-lQl Cotton Tarn at 8.45 

Turns p«r Inoh «••••••«•••.,....• i... 29 

89. Proquonoy Vorsuo Broakiag Stroagth of Xxtraetod 

and Xxtraetod and Irradiated A£dl-1Q4 Cotton 

Tam at 8.45 Tnma por laoh 100 

80. Proquonoy Vorsuo Brooking Strength of Control 

and Irradiated ASdl-lQ4 Cotton Tam at 11.98 

Turns por Inoh «•••••••••••••••••..• IQl 

81. Proquonoy Versus Breaking Strength of Sxtraotod 

and Extraotod and Irradiated ABdl-lOk Cotton 

Tam at 11.95 Tuma por Inoh 108 

88. Sneaking Strength Vorsuo Basa of Instron Chart 

Shouing Low Twist Control and Irradiated 

Tarns Roaotion to Loading « • • ••...•••..«• 106 

38, Breaking Strength Versus Base of Instron Chart 

Shoving (^tiaun Twist Control and Irradiated 

Tarns Boaetien to Loading 107 



ACKKQIILSDGllSlirS 

fb* wrltsr of thif «xproiMt his spprsolstion to ths 

following for thoir assistsaoo in swking tho studyt 

Mr. R« B. Stono, Agrioultursl Bnginoor, Pom Sloetrifioa-

ti(m Rosoaroh Branch* ARS* USDA* for his oonstmstlro oritlcism* 

guidanoo and consultation on prcbloms eneounterod* 

Dr. C. W. Beokhop* Hsad of ths Agrieultural Bnginesring Dopart* 

Mmt* UniTorsity of Tsnusssso* and Major Frofossor* for his oritioism* 

guidanoo and oonsultation on problons onooontsrod. 

Dr. ftsith Horlsy* Assoeiats Agrononist* AES* USDA* for tho 

fibor analyses* oonsultation on tho dosign of ths sxpsrinsnt sb* 

statisties ussd. 

Mr. C. B. Undstrsst* Assistant Hiysioist* ARB* USDA* for his 

oonsultation on nattsrs pertaining to cotton yams. 

Mr. P. B. Ewalt* Assooiats Rqrsisist* ARB* DSDA* for asking tho 

faoilitiss of tho Spinaing Laboratory availabls for spinning and tost* 

ing ths irradiated yams. 

Dr. Blisaboth J. Rook* Professor and Textile Oboaist* University 

of Tennsssso Bxpsriaent Station* for her oonsiiltatim on eotton ohOBis* 

try. 

Farm Electrifleation Researeh Braneh* ARB* USDA* for finanoial 

support of the oxperiaent and tho Assistantship held while naking the 

study. 

Jan* ay wife* idio waited to have our flrst-bom until tho 

typing was oei^plotod. 



osr»»zcHs 

ASdlolQL* Itaborfttory Wantifioatloa of ootton mixtura irradiata4 

teatad in thia atudjr. 

Bobbin, k apocX or real uaad to hold yam or thraad, 

Braaklng atrength, atrangth at ruptura, tanalla atrangth or ultimata 

atrangth, Tha maxlaBsa raaultant Intamal foroa that raalata 

ruptura In a tanalla taat. 

Chart, k tarn idantlfylng raluea datanalnad from indirldual braak 

raoordlnga on tha rulad papar aa aartcad by tha Uatar taatar, 

Coafflolant of variation, Cv, Aa axpraaaloa af tha aaapla atandard 

davlatlon aa a fraotion of tha aaapla aean uaually prasautad 

aa par oaat. 

Count, Aa ladioatlea of llaaar danaity axpraaaad aa tha numbar of 

alght hundrad forty yard haaka of yarn in a pound. 

Dial, A tarn idsntlfyiag valuaa deteralaad from tha aoQuaulatlva 

eountara of tha Cater taatar. 

Elongation, Tha dafoxaatloa in tha dlraotion of load oauaad by a 

taneila foroa ganarally axpmsaad aa par oant of tha teetad 

length, 

Orlpa, ohuoka, Tha davieaa uaad to flraly hold tha yarn through 

ahioh foroa la applied adilla testing. 

Irradiation, Exposure to radiations. 

Linear danaity. Weight for a given Imgth of yam, 

Faraaatara, Quantitiaa assigned arbitrary valuaa, aa distinguished 

from variables. 



xll 

FlxaaA* Th» positlT* oolusn of an oloetirloal dlseharga through air at 

low pressura* 

n.y« Tha nvoabar of single yams twisted together to form a plied 

yam. 

Radiatisn* The process by whioh energy is sraitted from molecules and 

atoms owing to internal changes including the combined processes 

of emission, transmission end absorption of the energy* 

Salrage. The broken cotton yam after testing. 

Single yam. The sia^lest strand of textile aiaterial suitable for 

operations such as wearing, knitting, eto* 

Standard derlation. s* The arerage quadratic deriatlon of a single 

ebsenration from the arithmetie mean. 

Tenacity* Breaking strength expressed in force per unit linear density* 

Tex* A unit of linear density expressed as the weight in grams of 

one thousand meters of yam. 

Twists* The turns about its axis, per unit of length, obserred in 

yam* 

Hater* A constant rate*ofoload oontinuously opemting yam strength 

and elongation testing raaohine* 

Hhrp. The yam running Imgtbwise in a woren fabric. 

Tam. A general term for continuous strands of textile fibers twisted 

in a fom suitable for knitting, wearing or otherwise inter 

twining to fom a textile fabric* 
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XITRODTTCTiair 

aexMriiX StiAtaatnt* 

1h» in^rtuie* of eelstoa in this country may bo roolisod fr<ai 

tho aonotory vnluo of tho orop* Ik is ttao prineipol eaoh orep in soot 

of kho Beukhom okntos and ranki high la aororaX Ibakem atatoo. On 

a national baoio in 1954 ookkoa oaa aoeoad only to eem in fara Talaa 

of loading oropa* 

Tho por oaplta vao of ookton ocaiparod with othor fibora in tho 

Ihiltod Skatoa haa dooroaaod from 80*0 por eont In 1940 to 68*5 por eonk 

in 1954. Rayon, aootato and othar aynkhotioa haoo inoroaaod fr«aa 9.T 

por ooat In 1940 to S4.9 por eont of all fibora uaod in 1954 (20)o» 

SoBO haro oxproaaod ooaoom owr tho poaaibility of ayathotioa roplae-

lag ookton to a largo oxtont. 

la. rooont years roporta haro indioatod inpreroBOnta in tho 

phyaioal properties of rariotia plastloa fr<aa nueloar irradiation, 

fioaulta of rosoareh desorlbod In those reports auggostod kho poaaibil* 

ity of Improving the physioal properties of eotton by similar irradi 

ations, thoroby amking eotton more oempototiTO with aynthetiea. 

Gilfillaa aztd Lindon (10) oxpoaod nereorisod eotton yam to gsMsa and 

neutron irradiations. Thoy oonoludod that gaaasa irradiation aorioualy 

maakonod eotton fibora. In their rosoareh, neutron irradiation noak-

oSnnbora in parentheses refer to tho appended roforonooa. 



I 

«Md ofllluloslo flbtra to tuoh a dogroo that it ms laqpraotleal to 

toot thoau All th» ymms laarootlgatod noro iajturod but thoy otato 

that tholr uork "dooa not prero that It la iapoaaiblo to loprova tha 

atrongth proportlaa of yarna by irradiation^ but augKoata that if 

auoh an laproTaaMiit la poaaibla^ it irill ba found at louor doaaa than 

thoao uaod 

Purpoaa of tha Study 

Tha pxurpoaa of tho atudy daaoribad in thia thaaia ia to abav 

aoM of tha affaota on ootton yam of irradlatim aith tha plaana of 

an alaotrieal diaoharga through air at low praaauro* 

BotIow of Litaratura 

Gilflllan and Lindan (11) uaad alaotrieally produoad bata raya 

to irradlata ootton yam in tha abaanoe of appraoiabla aaounta of aater 

rapor and atiaoaphario oxygata* Thay eoneludad that tha presanoa of 

aatar vapor and ataoaphario oxygon during irradiation had littla or 

no affaot en yam atrangth and that tha doaagaa of irradiation anployad 

aignifioantly raduoad tha atrangth of ootton yama* 

Harmon (12) irradiated taxtila aorda in a Cobalt 60 gaana ray 

aouroa at ro<m tanparatura. In ganaral. tha affaot of high*anargy 

gamaa radiation, ovar tha range oovarad in thia atudy, naa to uoraan 

tha phyaiaal proportlaa of tha oorda araluatad, 

Taaalar, Wiahart and lutharford (26) axpoaad unaoourad and 

unblaaohad Daltapina ootton yam to gaaaut and nautren radiationa* 
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Thclp showd isHd dyeing ohftitc^sris^los of tho ••a^loc voiro 

alterod by either neutroas or gMMi rayt. Filter pamper whieh reeeiTed 

a dosage of S.SKXO'' roentgene beeeae eoiq>letely water aolable in the 

•tadiee of Lawtoa et al* (16)• Blottin and Ajrthur (4) reported on 

•ffoote of Cobalt 60 ganea radiation on eoae of the phyeioal and 

ohenioal properties of petrified eotton irradl&ted in ataiospheree of 

oxygen and nitrogen. Their work indieated an inorease in solubility 

in water and in dilute alkali, a decrease in tensile strength and 

snail but unnsual ohanges in aoiatore regain* 

Ran et al* (19) investigated ehanges in the eheaioal and pl^si-

eal properties of silver lap, yam and fabrio nade from raw cotton 

resulting from limited dosages of beta radiation with eathode rays 

under various conditioas. Their results showed that the tensile 

strength of t!» yam deorsaeed with increasing dosage* At low levels 

the strength tended to increase to a waxintaB beforo it atartod te 

deerease* The lew level irradiated yam teeted slightly stronger 

then the eontrol* 

Theory of the Disoharge 

An eleetrie diseharge in a gaa at pressuree of a milliswter or 

eo of neroury, depending en the gas, eauses Itninous regiflasis of varying 

intensity along the path of the diseharge (24)* Beginning at the 

eathode these regims are denoted! Ashton dark spaoei eathode glowi 

oathode, Crookes or Hittorf dark spaoef negative gleet Faraday daric 

epaoet poeitive eoltssnt anode glow and anodo dark apace* 



4 

Th* auijor part of th« roltaga drop aerost a dlseharga tuba 

taeura la tha aathoda dark apaoa and dapaada <m tha gaa and tha work 

fuBotlon ef tha eathoda naterial (24,26}«. Elaotroaa aaxttad froa tha 

aathoda by loa bombardaant ara aooalaratad by tha eathoda fall of 

potential gaining tl» tnmrgj naeasaary to saintain tha dlaeharga by 

prodtiotion of poaitiTa ions* 

Tha poaitlva oolumn ia a typical plaaaia having approxinataly 

an equal nwabor of poaitire iona and aleotrona in large oonoantrationa 

(24)* Tha poaitiva oolusaai nay be langthanad by laoroaaing tha alao-

troda apaoiagt thua, adequate apaoa ia available ia ahioh to axpoaa 

■atariala to tha plaana. In tha plaaaa tha aleotrona diffuaa aora 

rapidly than do tha iona (84) and tha milla of tha tuba gain a naga* 

tiva oharga. Positive iona from tha plasaa nova to tha nails and 

raoonbiae with aleotrona. Iteterial plaoad near tha edge of a dia-

ohargo tuba would be subjaotad to both ionia and alaotronio bonbart* 

■ant and to the affaats of light and heat anargy, whioh ara also gan* 

aratad in tha plasaa. 

The positive ooliasn nay oontain altamata light and dark regions. 
Those are oallad atriatlons and tha potential drop across tha dark 

area is greater than that across tha aora lualnoua araaa. Tha voltage 

gradient of an unatriated poaitlva aolum ia uniform with tha tasqiar* 

atura gradient oorraaponding to tha voltage gradient (24). 

Two typaa of longitudinal oaoillaticma a»y ooour in planma 

(24). Blaotrona any osoillata about a aaan position and transmit 
energy either by moving aa a group or by velocity modulation of faster 



5 

morixkg •Isotrons paatiag through tho oaolllating roglon* Ih««« osoil* 

Xatleaa &ro la tho ordar of kllcnMgMyolaa. lonio osoillatloaa nay 

also ooeor at fraquanolas eoaparablo with aupartonio soxuad waT«s« 

Tha dltouaaioa Just preaantad la <»i tha gonaral thaory of tha 

diaoharga uaad to irradiata tha yam for tha atudy daaorlbad la thla 

thaaia* 

Prallainary Studiea 

Stoaa daaoribaa tha resaareh iriiieh laad to thia atudy la 

*Bffaeta of ihcpoaiag Cottoa to Gaa Flaanaaf k Frogreaa Saport** (28)« 

Plaaaa irradiation had aada oom aad aoybaaa aaada aora watar abaorp-

tira* During axpariaanta with savoral other typaa of aaad aoaa iatar-

aatlag affocta ware dieoovered, Iriradietlcn nada ahort fibers of liat 

maining on tha eotton seeds after ginning water absorbent* 

Cottoa fibora, idxioh had na prooaasing other than gianing* ware 

rough* atiff and watar absorbent after irradiatioa* Aaalysia Indioated 

that tha wax oa tha fibers had been degraded but net rasn-red* that tha 

rate of wetting had been Inoreased and that the oellulose of the outer 

wall of the fiber had been weakened by the irradiation treatment* 

BleotronHniorographs showed broken surface areas of treated ootton 

fiber <23), 

Irradiated yam had a more rapid rate of water absorptim than 

the control* also* there was indieation that the breaking strength had 

inoreased. Breaking strength end elongation data from single strand 

breaks of Deltaplne*lS tea eouat yam broken oa an Xnitrcn tester are 



shomi graphioally la Flgurss 1 and 2, with point data tabulated la 

Tablo !• 

Praaalay typa flat bmdlaa (8)mf Irradlatad la tha plaana, 

brought to eontrol oonditloaa and brokan on a Stalematar at eaa<^l4,hth 

Inoh gaga langth. Tha raauXta ahoaad ao ohanga la taaaoity dua to 

Irradiation, Sloagation aaa raduoad but thia ia attributad to alippaga 

in tha laathar jawa, Tha appaaranoa of tha aalraga froai tha teating 

aaa ohaagad, Tha irradlatad fibara ganarally broka in tha oantar of 

tha gaga apaoing and iriian ranorad ranainad compaotly togathar vhara 

tha control broke irragularly and fall apart whan tcuohad. 

Yarn propertlaa had bean affaotad by Irradiation in tha plaaaa, 

Dua to tha llmitad numbar of breaks ia preliminary work, tha rariatioa 

batwaan indiridual breaks, tha fact that little elongation infonsaticm 

had bean obtained and dua to some quastion as to taohniquas in irradi* 

atiag and breaking tha yam it was daoidad that a thorough study be 

mda which would show tha affects of plasna irradiation on cotton 

yam. Yam strength and elongation ware tha two main qualities to ba 

used in naasuring tha affaots of tha irradiation traatnant, 

Xuad>ar of Breaks 

Tl» nuBibar of baraaks needed for significant results was next 

dataminad by statistically analysing prarious yam tests, Cochran 

and Cox statest 

Whatarar tha souroo of tha axparimantal errors, raplioatloni 
of tha axparimant steadily daoraasas the error assooiatad with 
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TABLE I 

BREAKHC STRENGTH AND ELONGATION DATA 
FROM SINGLE STRAND BREAKS OF DELTAPINE-l^ 

#10 YARN BROKEN ON AN INSTRON TESTER 

Control® Irradiated® 
Twist In breaking Strength Elongation Brealdng Strength Elongation 
Turns/inch In Ora^s In Per Ceni' i[n Grams In Per Cent 

7.U h93 6.1i 1088 7.3 
8.76 702 7.3 12li8 7.5 
10.30 900 8.1 1286 7.7 
11.98 696 8.3 125U 7.9 
12c76 932 8.9 1233 7c6 
13o3U 96U 8.8 1200 8c0 
15.05 950 9.1 1191 8„1 
16.77 901 10.0 1007 8c3 
I8c3ii 923 10.0 9m 9oO 

aEach value is an average of 2^ breaks. 
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th* dlff0p®no« between the ewerage reeulte for two treetaentc. 
proTided the,t preeautione (euoh ae raadcmisation) hare been 
taken to enaure that one treatment le no more likely to be 
farored in any replioate than eaother,«««(7} 

With thia In mind en eetlaate of the number of breaker or repll* 

eatloae» neoeasary to ahow atatlatieally a algniflcant differenoe in 

breaking atrength of eontrol yam aa oeapared to irradiated waa needed. 

Sinee eonfouading of wariablea emerged aa a problem in the uae of an 

malysia of Tariance type oonparison. neeeaaary rariablea being twlat 

in the yam and treatmenta at the rarioua twiate. it appeared that the 

to ahev that yam qualitiea had definitely been affeoted waa 

to uae the atatiatie "Student*a" t (22) to teat the hypotheaia that the 

mean breaking atrength of the irradiated yam waa to bo no different 

fr«a the mean breaking atrength of the eontrol yam. Wth the rojeo-

tioB of thia hypotheaia It eould be eaid that the neana« irmdiated aa 

oompared with oontrol. would be different. Thia eould be done en a 

point to point baaia through a range of twiata. 

la planning the atudy deaoribed la thia theaia a ayatea explained 

by Coohran and Cox (7)to detemine an eatiaate of the nuaber of 

breaka neeeaaary to ahow ai^ifioant differenoea between the eontrol 

mean breaking atrength and the irradiated mean breaking atrength waa 

uaed. 

ualng the twenty-flTO breaking atrength obaerrationa preri-

ouely made on Deltapina»19 ten eount yam, and grouping the top four 

poiata in tho control eunre« data from me hundred breaka waa aTailable 

for detemining the number of breaka required for a given probability 

of obtaining a aignlfioant differenoe in meaaa. 
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% ftssuniae 103.6 grams* thw wtandftrd dvriation oaloulatad from 

oao hoadrod broaka of DoltaplnoolS^ oa tba tnao atandard darlatioii thio 

followtng raaulta war# obbalnodi twontyoaix broaka would glTO±100 

grama, emo hvmdrod broaka would giTo±SO grama and 471 broaka would 

giro±15 grama aa algnlfieaot for tho moana to bo different at tho 

95 par oomt loral. Saa^lea of tho oaloulationa involvod in dotormliii«i) 

lag thia are found la Apjpoadix A* Zt waa thought that the aaaumod 

ataadard do-riatioa waa oonaidorably larger tbaa would bo onoouatoc^ 

in aotual tasting. 

Soopa of tho Study 

From axamiaing tho work prarioualy doao ea Soltapina»16 torn 

eotnt yarn, aad after oonaultation with Mr. C. B» Imndatroot and Dr* 

Smith Worlay, Cropa Raaaaroh DiTision, Spinning Laboratory, ITSDA, ARS^ 

the dooiaion to make four hundred single broaka of ten oouat, or aixty 

tax, yam over a range of twiata waa reaehed. 

Tho range of twiata was from aa low aa eould bo spun to well 

OTor the peak atrength point (15). Thia turned out to be frcas about 

7.6 to eighteen tuma*per*inoh* 

To make aomo twolre thotMaad indiridual broaka on aa Inatron 

teatsr would take about three aan«aontha. It waa deeidod that if a 

way oould be deriaod to allow use of a Hater oontlnuous break tester 

that mueh time eoiald be aarad in breaking the yam. Siaeo about oao 

yard of yam is used in eaeh break hy the Hater, aoae four hundred 

yards of irradiated yam would bo needed for testing at each point 
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ftloag th« nng9 of twlota* Froforobly this Icm^th of y«.ra mui to bo 

in ono piooo* fhio tumod out to bo inproetioiil and the yarn one 

Irradiated in one hundred yard Xengthe* 

If the Cater nas to be used, a maehino oouXd hare to be doTOl* 

oped to irradiate yarn aa a oontinuoua prooeaa* 7he naehlne dorelopod 

to irradiate ootton yam la a oontinuoua length will bo diaouaaod la 

detail in the next ohapter of thio theaie* 

In general, the acope of the atody deaoribed in thia theaia iai 

the dorelopnent of an apparatua to irradiate with plaama a oontinuoue 

length of ootton yam, the uae of the apparatua and the Cater to 

obtain breaking atrength and elongation data to ahov t)« offoot on 

ootton yam of the Irradiatim and to ooapare treatmenta uaed in 

offorta to explain the offeota oauaed by the irradiation, and the 

aaalyaia and proaentation of data oolleetod. 

a«aeral Itothoda and Prooeduree 

^fhe irradiation a»thoda end equipaent for obtaining glow dia-
ohargea la gaaee at low preesure used in irradiating ootttta yam for 

the study deaoribed in thie theais were eaaentially the eeaw ae in 

"Low Inergy Irradiation of eooda," by Brown, Sttme and Andrews (6), 

The apparatua oonaiatod of a tube fitted with eleetrodoe at aaeh end, 

a waouun punp equipped for preaeure regulation and a variable high 

▼oltage aouroe. Adaptation of thia ayaten to allow the irradiation 

of a oontinuoua length of cotton yarn will be doscribed in Chapter II, 
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Cotton yam tooting oqulpnoat and nothoda noro la aooordaneo 

nlth tho AoMriean Sooioty for Tooting Matorialo otandardo on tooting 

ootton yam nnlooo othorwioo opoeifiod, 

Tho naohino uood in brooking tho ootton yam oao a Uotor yam 

atrongth tootor. Thio naohino io of tho oonotant-rato-cf-Xoad elaoa 

ao preferrod by ASTM for tooting brooking otrongth of oinglo yam« 

oinglo otrand aothod (2), A thorough doooriptlon of thio naohino, 

how it worko and how it wao uood io inoludod in Chaptor IV, 

Tho ASTM opooificationa aoy that naehineo oholl bo oporotod 

at oueh a rato that tho yam broako within 20±3 aooondo fron the tino 

of tho otart of tho toot (2), Booauoo tho data aooiinulatod in thio 

atudy wao to bo uood for oraparioon purpoooo and aa an indioation of 

quality oontrol Iqr Cropo Rooearoh Dirioion, Ootton Spinning Laboratory, 

®ooxTillo, Tonnoosoo, it wao dooidod not to adhoro to thio opooifiooo 

tion but to ttoo a rato of ton aooondo ao had boon uood in other yam 

tootfl run Iqr the Spinning Laboratory, 

ASTM otandard oonditiono of ootton yam wore naintainod through* 

out tho tooting (2), Tho yam wao in noioturo oquilibriun with a 

otandard atneophoro haring a rolatiro hunidity of 88±2 per eont at 

70i2®F, A otato of noioturo oquilibriun wao oonoidorod roaohod when 

two ouoooooIto weighingo a day apart did not differ by noro than 0,1 

per oont of tho total weight, 

Tho data rooordod by tho Uotor naohino wao analyood on both an 

individual break and an aoounulatiro baoio. Moan elongation, noan 

breaking otrongth, froquenoy diotribution of olongatim and frequency 
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41atri1m4lMi of bnajeioe otrongth ooro all azialyaod and eranparad, Tha 

axae4 aiathoda of thaao aaalyaoa aad ooapariaoiia will bo diaouaaad In 

dotail labar in thla thaala. 
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CHIlPIEIt n 

DBSCRIPTIOH OP THE IBIUDIATICN APPAS^yl 

N««d for thlo Apparattto 

la order to have a aora unifora irradiatlcn prooeai and to 

utilise the 9iter oontiauous break teeter for aoouraulating enough data 

la a reaeoaabXe Iwigth of tiae to ehow definitely that cotton yam aae 

affeotod by tho plaena of aa eleotrioal dieoharge through air at a low 

preeeure, an apparatue to eubjeot yam to thie plaena in a oontinuowe 

length wae neodod. The eoaplete apparatue ie ehown In Figure S. 

Bobbin Holding Chenber 

in oraouated holding ehaaber. Figure 4, aade froa oloth land* 

anted and inpregnated with plastic wae used to hold the yam. This 

ohaaber wae a tube fifteen iaohee long, 2,880 inehee outside diaaeter, 

8,026 inehee inside diaaeter, fitted with a eap at the yam exit eal 

and a square T-seotion as a cap for the bobbin holding end, Direet 

application of waeuuB on the ohaaber indieated no objeoticnable leaks 

or out•gassing of the plastie material, 

A regular warp bobbin attached to a spindle used for ring spin* 

ning with tho base of tho spindle pressed through a nuaber 10 l/2 blaek 

rubber stopper was used to hold yam in plaoo in the ohaaber. Figure 6, 

Etl^ol extraotion prior to irradiation aade the yam so rough that it 

would not slide evenly over the end of a warp bobbin. This asosssitated 
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Flgur* 4. Bobbin holdlne ohMibor* 
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Figura 8* Bobbin holding ebnabor ohoidng plnooaont of mrp 
bobbins* 
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th« aa« of oaothor typo of holdiag tobbia two Inehoo l«ng oaA mAo m 

tho ordor of o oooriag throod opool^ Piguro 6, It wuld hold opproxl-

Botoly two htaidrod yardi of yarn as ooaparod to toolvo huadrod yardo 

hold by tho warp bobbins* 

A paoking of oottim fibor wao uood noar tho oxlt ond of tho 

holding ohaabor to koop an oxooso of yam from boing pollod ttvm tho 

warp bobbin whon waowia wao initially appliod to tho oyottta. Cotton 

fibor uood for this pooking was tho sasie as usod in spinning tho 

yam* 

Tho yam was fod through a oootion of ono-oighth inoh polyoty-

rono tubing oxtonding froa insido tho holding ohaabor to half way 

through tho rubbor stoppor that was usod as olsotrods support at tho 

ontranoo sad of tho irmdiatioa ohaabor, Piguro 7* 

Elaok rubbor otopporo woro usod to hold tho opindlo, tho opool 

support wiro and tho polystyrono tubing* Thoso stoppors fitted into 

taporod aaohinod holes in ths holding shaatbsr with no oridont TaeuttB 

loss* 

Irmdiatim Ssotion 

Ths irradiation ohambor, Piguro 8, oonslotod of a 2*009 inoh 

outsldo diameter, 1*827 inoh insido diameter hard glaos tube tw8aty«» 

four inohoo long* Thio tube wao fitted with iron olootrodos supported 

by ni^or 10 l/2 blaok rubbor stoppers* Tho yam wao fod through tho 

upper portion of tho otoppors through tubing into tho plasma of the 

discharge. The path of tho yam through tho plasma wao approximately 
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Flgtum 6* Bobbin holding ohoaibor ahowing plaooatah oF fpool 
typo bobbin* 
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on9-fourth inoh from th« tub* mil* 

•l«otrod««, PlgttT* 7, w9r0 md* of on«*h&lf inoh Iron plpt 

•leoToa, Baehinod and pollohod to ono inoh outside dlaawtor« 1 5/8 

ine^MS long* A one-half by one-fourth inoh irwi redueer nas plaood 

in eaoh sleere and naohined even with the end of the sleere* A one-

fourth inoh nipple nas placed In each reduoer and extended through the 

center of the rubber stoppers used as supports* The nipple at the yam 

«itranoo end nas oapped* The nipple at the yam exit end nas fitted 

nith a hose eonneoted to the raouioa systen* Those nipples also nere 

part of the eleetrioal system used to tranmait ourrent to the elee-

trodos* The electrodes nere spaced 20 l/2 inohes apart* 

A one-eighth inch fire-polished glass tube 8 l/d inohes long 

nas butted against the polystyrene tube half-nay through the support 

stopper at the entraneo end of the irradiation chamber* Another simi 

lar tube nas used at the exit end extending half—nay through the support 

stopper* These tubes nere used to guide the yam past the electrodes 

and the eathode dark spaee (26) into the plasma of the disoharge, to 

hold the yarn in position in the tube and to limit the actual distanoo 

through nhioh the yam nas irradiated to eighteen inohes* 

A thme-eighths inoh polystyrene tube ten inohes long nas butted 

against the one-fourth inoh glass tube half-nay through the support 

stopper at the exit end of the irradiation chamber* In the end of 

this tube nas a type of eoiqyression fitting that aliened the yam to 

more from the eraouated area to atmospherio pressure* Pigure 9* This 

fitting nas made by passing the yam through a section of polyethylene 



H 

fisor* 9, {ksaqprsitlott flttiac* 
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tttbiagy Iniid* dlewter 0*030 iaoh«s and outaida dtaawter 0*048 Inohaa# 

approxinataly four inohaa long* Thia in turn «ma plaoad through a 00 

black rubbar atoppar afeloh uaa pluggad into tha and of tha thraa-

alghtha inch polyatyrana tubing* Tha laak at thia fitting aaa ad^uatad 

by aithar aquaasing tha 00 atoppar tighter into tha thraa«^ighth8 inch 

tubing or by atzvtohing out tha polyat^lena tubing into aownriiat of 

a minuta ranturi orifiea* 

To load tha oonpraaaion fitting, raouun aaa uaad to thraad tha 

polyatl^lena tubing, threaded tuba aaa fad through a largo hypo-

danaio naadla that had baan foroad through tha 00 atoppar and than 

tha naadla aaa ramoTod loaring an aaaaablad ooaq^raaaion fitting* 

llad»up Darioa 

In tha aj^aratua baing daaorlbad, tha yam aaa pullad from tha 

bobbin holding ahanbar, paat ona alaotroda, into tha plaana of tha 

diaohargo, paat tha othar alaotroda, through tha oonpraaaion fitting 

and mound onto a drum driven by an alaotrio motor geared through tmo 

raduoara and a baad»ehaln drive* Thia mlnd~up daviaa la ahomn in 

Figure 10* 

Tha yam maa mound onto a drum 6 l/% inohaa in diamatar, tan 

inehaa l«ng, mlth a oireuaforaiMa of 21,6 inohaa* Tha oylindar of 

thia drun maa aluminum, tl» anda thraa-fcurtha inch plymood* Thia 

particular aiaa and ahapa drum maa uaad baoauaa one hundred ymrde of 

yam oould ba treated and mound up mithout ohangiag tha diamatar of 

the eoll enough to notieaobly affaat tha length of time tha yam maa 

irradiatad* 
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fomr for wind~up dovlse tmn supplied a General Eleotrlo 

one-teentieth horsepower, 115 rolt, sixtiy eyole, single phase, 1726 

reTolution«>per«minut:e eleotrlo motor* ^ilt onto this motor mas a ten* 

to«>ene gear type redueer. Ihe shaft of this redueer drove a sixty«to« 

me gear type redueer* The output of the seeond redueer mas 2*676 

rerrolutioas*per*adLn«te* 

Pemer mas transmitted from the soeead redueer te the shaft on 

mfaioh the dnot mas mounted by number six qualified bead ohain and bead-

belt sprooxets* The time that the yam mas irradiated la the plasma 

ef the eleetrieal diseharge mas varied by varying the sproeket ratios* 

This mlad-^ devise proved flexible and operated eatisfaetorily* 

There mae suffieieot pemer to pull the yam mith no slippage in the 

speed redmtion syetssu 

Bleotrieal System 

k poteixtial mas applied betmeon the eieotrodes to give an elee-

trioal discharge* Input voltage to the system mas 11810*1 per eemt 

eontrolled with a Soreaem A.C Voltage Regulator, Model lOOOS* 

k tm ampere, SO-dO eyele, 0 te 135 volt variable auto-tnuis-

former mas used to oontrol the pomer supplied to the high voltage 

transforswrs* Tmo number 721-161 Jefferson Eleotrlo Luminous Tube 

Traneformers oonneeted mith paralleled primaries and seeondariss to 

double the eurrent output cupplied high voltage to the eleetrodee* 

Speeifioatims on these transformers meret 116 volt primary, sixty 

eyoles, five thousand volt seoondary, thirty milliampere oapaeity* 



A Wstton AC»DC MilXlaioMtar Itod*! 370, 9e« 1674, aoouraoy 0*25 

por ««ist of full soalo, 0to 75 silllKrapore rango,im aood to monitor 

tho eurront in tho high roltago oireuit of tho oyitom* 

Tho roltago aoeossary to produoo an olootrieal diaohargo through 

tho partially oraouatod tuba it a ftmoticm of tho protturo and kind of 

gat la tho tuho (5). Controlling protturo mat diffioult in thia ttudyi, 

but protturo mat maintainod at 1*5 0*9 mllliaotort of moroury. At 

forty milliaaporoa ourront la tho toooadary eirouit, oporating poton» 

tlal aorota tho olootrodot mat approximatoly fourtooa hundrod roltt at 

aoaturod mith a Howlott Paokard raouum tubo roltaotor Modal 410B uaing 

a oapaoitiro roltago diridor Hoirlott Paokard Modal 462A, 

Vaottum Syotoai 

To maintain an olootrieal diaohargo tho irradiation ohambor of 

thia tyatOB ImA to bo oraouatod and hold at low protturo throughout an 

irradiation troataont, 

A Oonoo Hypor*7ae numbor 28 raouum puisp pomorod by a ono-half 

horaopowor Bmorton olootrio BMitor mat utod. Iron pipo and rubber 

raouum hoto oennootod tho pump to tho opon olootrodo oupport nipplo 

at tho irradiatitta ohambor, An.Aloo 8118 Solenoid ralro allomod oaty 

applioation and roloato of raeuist in tho tystem, A frooto trap paokod 

mith dry ioo and mothanol mat used to dry tho air entering tho pu^p, 

Proaturo mat meaturod in tho oonnoeting tyotom approximmtoly 

too foot frcMt tho treating ohambor, A Hattingo Abooluto Prooauro Xn* 

dioator Modal AP 18 mith a Vaeuum Gauge Tubo«4ypo DT,4AM tenting* 
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««■ tis«4i to deterain* th« vfteuvnt In nillim«ters of aoroury. 

Thia prasanra indication ayataa naa oalibratad with a MeLaod Gauga* 

An laolatloa traatfomar la tha powar input to tha praaaura indieatoi' 

aliniaatad iatarfaranoa that might aoiMi from tha irradiation aaotloa* 

Sffaati-ranaaa of tha Maohiaa 

Tha affaotiranaaa of aay maohiaa, or apparatua, dapenda upon 

ita ability to do tha job it maa daaignad for. la thia atudy tha 

apparatua maa daaignad to irradiate ootton yarn la a oontinuoua length. 

It aaa operated eatiafaotorily for acaaa tmo hundred houra la datarmin* 

lag optimum Irradiation loTala and in treating yaim uaad in atudying 

tha affaota of irradiation with plaama on ootton yam. Therefore, tha 

apparatua waa affaotiTa im parfomiag tha job it waa daaignad for. 

To allow datarminatitm of an optimum laral of traalmiant with 

irradiation, tha apparatua waa daaignad to ba flexible. Zatanaity of 

tha diaoharga and position of tha yam in tha plasma oould ba varied, 

▼aouim oould ba amintainad and varied and time of irradiation in the 

plasma waa variabla. From tha standpoint of flexibility, tha maehina 

waa affaotiva. 



CMPTBR III 

TREA7UER OF TfiS TABf 

DvBorlptlon of tho Tom 

latrodttotory InfogBiatlon 

Tho yarn trootod and tooted oao obtained through^ and with the 

assistanoe of, pereomel fro» Crope Beeeareh Dirioion, Cotton Spinning 

laboratory, USDA, ABS, Knoxrille, Tenneoeoe* 

It wao deoided that, due to the limited ooope of thio otudy, an 

"average" yojrn be uoed* That is, the eettcm fibers were to be of aver 

age quality spun into yam using a standard spinning prooess. Ten 

eount or sixty to* yam was seleoted in order that the yam be strong 

enough to stand the manipulations of the irradiation and treatmmt 

prooesses. 

Pioker-lap (l8) was obtained from a quality mill. The oetton 

used in making this lap was a six bale nix of unknom variety opened 

and proeessed late a finished pioker-lap. He oil or sising was added 

anywhere through the yam preparation process. 

Fiber Analysis 

To insure uniformity of raw stook, fiber qualities were eheoked 

at the beginning and end of the seetlon of lap used. For each deter 

mination four Fibrograph, eight Stelometer and four Arealometer tests 

wore run (3,14). From the Fibrograph the two determinations of mean, 

or average length of fiber, were 0.98 and 0.87 iaohes with the upper-
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half-Bwaa length 1*18 and 1,10 laohes. TeiiMitlee (27) at oaa^alghth 

iziflh gaga length ehtalBed from Steloiaeter teeta were 1«M and 1.9t 

graaa per grex* Fiaeneaa, obtained with the Arealcnurter in apeeifio 

•urfaoe area, was 442 aqnare nillineterf per oubio nilliaeter of 

fibrous natarial in eaoh ease* The Aroaleaeter also was used to deter* 

nine saturity by neans of a roundness faotor* The two Talues obtained 

were tweaty*nine and twenty-eight* All fiber analyses were doite by 

the Ootton Laboratory, USDA, AB8, under the dlreetloa of Dr* Smth 

Ibrley* 

Carding, Drawing and Spinning 

The renaining prooesses in preparing the yam were done at the 

Spinning Laboratory* The pieker-lap was earded (18,21) to open the 

ootton more oos^letely, to elean the ootton slightly, to separate out 

the rery short fibers and to produoe a oontinuous untwisted strand of 

ootton fibers oalled a sli-rer* 

lext the ootton was drawn* Drawing is the prooess of progres-

sirely passing or sliding fibers by eaoh other, oausing a reduotlon in 

the else of the strand, but not breaking its oontinuity (18)* In 

this partioular prooess of drawing, two passes were isade through the 

draw frame* The purpose of drawing is to straighten the fibers paral 

lel to eaoh other and to the direotim of the strand ami to reduoe the 

siso of strand* 

Since the drawn slirer for the ten eount yam was strong enough 

to stand the manipulations of spinning writhout adding twist in a rowing 

prooess, the roving frame was by-passed and the sliver taken direotly 
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to th« four-roll riag-opiimlag fromo (13«18). Tho purpeoo of thio 

froM was to rodueo %ho sliror to tho roqulrod olso of oinglo yam and 

to laoort tho doilrod twioto* k oinglo eotton yarn laay bo dofiaod ao 

a oontlauoufl tviotod strand of ootton fiboro uhioh has roeoiyod its 

final attonuation (l8)a 

Tho final yam twist and linear density are shown in Tables IZ 

and IlXa For oonTonionoo tho single strand yam was eallod ABdl-lOA. 

and is idssitified throughout this study by its twist* Ths twist is 

tho neohanloal tums—por—Inoh plaoed in tho yam at the spinning frans* 

Figure 11 shows the spun yam on twelTO hundred yard warp bobbins with 

<mo bobbin piotured for eaoh of tho various twist points* 

In tho proooss of irradiating and testing* tho yam was dmun 

OTor tho end of tho warp bobbin oneo* Bvory effort was aado to aain-

tain twist in tho yam* 

Sotting Paranotors of Xrradiatlon Troatnont 

After tho yam was spiai and tho apparatus to irradiate this 

yam was dOTOlopod* tho next stop was to dotermino a eoid^ination of 

irradiation tine* ourrent* pressure and position of yam in tho tube 

that would giro naxiaun difforenoo in oontrol as offlsparod to irradiated 

yam qualities* 

Duo to tim nature of tho eoiqtrossion fitting* pressure was aoft 

inelvdod as a Tariablo but was naintained at 1*5+ 0*3 millinoters of 

aoroury* This was tho lowest pressure that oould be attained without 

tightening the oonpression fitting to the point that drag would oaueo 
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TABLE II 

LINEAR DENSITY DATA 
FRCM SINGLE STRAND IRRADIATED AND CONTROL 

AEdl-lOA COTTON YARN BROKEN ON A USTER TESTER 

Linear Density*" 
Tex" Count" 

Tums/lnch Control Irradiated Control Irradiated 

7o66 
8,U5 

^7.53 
58.62 

57.1;7 
59.52 

10,27 
10,07 

10,27 
9,92 

9.07 59.50 58,38 9.93 10,12 
9o80 58.67 58,60 10.07 10,08 

lloli; 58.93 56.91 10.02 10,38 
llo9$ 61,28 60.92 9,6h 9,69 
12.69 60,51 60.20 9.76 9,81 
13.17 60.97 59.99 9.69 9.814 
U^o89 58.20 58.16 10.15 10.15 
16.31 59.36 57.83 9.95 10,21 
18.03 61,15 58,85 9.66 10,03 

®Each value represents yarn used for UOO breakso 

^A Tex unit is equal to the weight in grams of 1000 meters of 
yam, 

^Count indicates the number of 8U0-yajxi hanks in a pound. 
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TABLE III 

LINEAR DENSITT DATA 
FROM SINGLE STRAND AEdl-lOA COTTON YARN 

TREATED BT VARIOUS METHODS AND BROKEN ON A USTER TESTER 

Method Of Twist In Linear Density^ 
Treatment Tums/lnch fej^ Count 

Control 8.U5 58062 10.07 
Irradiated 8.U5 59.52 9.92 
Drawn & Evacuated 8.U5 59c07 10.00 
Ethanol Extracted 8ch$ 59c60 9.91 
Ethanol Extracted & Irradiated e.h$ 59.52 9.92 
Control llc95 61.28 9e6b 
Irradiated 11.95 60.92 9.69 
Drawn A Evacuated 11„95 60.62 9.7U 
Ethanol Extracted 11.95 60.0b 9.81i 
Ethanol Extracted & Irradiated 11.95 59.60 9.91 

^Each value represents yam used for UOO breaks, 

^A Tex unit is equal to the weight in grams of 1000 meters of 
yarno 

CQount indicates the number of 8U0-yard hanks in a poxmd. 
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br«alcag« of tho yam. fhol0.8 fluotuatloa in proasura aaa doa to 

mriation la tha Xlaaar dantiby of bha yam. Teltaga, ahioh in thia 

typo of dlaoiwrga la a foaetion of praaanra (S), iras not inoludad aa 

a ▼ariabla. 

Position of yam in tha tuba naa Tarlad by bonding tha glaaa 

guidas at angXaa. doing this tha radial dlstanea of tha yam path 

trm tha oantar of tho tuba oas oariad, starting at tha omtar of t)M 

pXasaa and nerking outnard. It nas found that tha yam was oharrad 

instantly in tha omtar of tha tuba and aas dagradad in all positions 

axoapt a path 02ia»fourth inoh or oXosar to tha pyrax tuba vaXX. 

Tharaforo tha yam was irradiatod in a path in tha plaaaa alghtoan 

inehos long and approxiaataXy ona-fourth inoh from tha tuba mail. 

Currant in tha high roXtaga eirouit was rariad along alth tha 

tima that tha yam iiaa in tha pXasaw of tha diseharga. Tarn braaking 

strangth. aXongation and Xinaar dansity wara usad as maasuros of tha 

affaotirmass of aaoh oMbination of currant and tiisa. 

In Tarying ourrant* fiftaan nlXliamparas or lass woutld not 

sustain a diseharga and fifty milXiamparas or grantor oausad oharring 

and ultimata disintagration of tha yam. Baaausa of this tho eurrant 

mas maintainad at tmonty, thirty and forty mlXliaaparas in datarminlng 

tha optimum laraX of irradiation. 

ijoy tism loss than X7.0 saooivis mas unsatlsfaotory duo to orar«» 

heating oausod by friction or clogging of tho compression fitting. 

Any traatsiant tisw over 62.5 seconds resulted in oharring and uXtimatai 

degradation of tha yarn. L«agth of traatnant maa varied in atapa and 
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mixitiainvd 17.0» Sl,3, lt«l wbA 3S«6 oeondt in d«t»mlnin£ 

th* eptlnw tiM of irrodlotlon* 

Rotulto of tho oork dono la dotorminiag tho optlonaa paraaotoro 

of Irradiation troatnont ara ihoim graphioalXy in Figuro 12 with point 

▼aluoo for data tabulatad in T&blo IT* Yam uood In this praliminary 

woilt «a« ABdlOoU of 12.98 tum«»per»infih twiot. Thia was tho pro* 

diotod twiat to giro maxlnuia broaking strangth. 

Figaro 18 thewa tho gonoral trond in broaking atrongth with 

raryiag tiaw-eurroat oonbinationa. Elongation waa not eonaidorod a 

orltieal faotor in dotoraining troatnaat lorol. Elongation waa roduood 

but no dofinito trond waa oridont aa a roault of rarying irradiation 

tino ai[^ ovirroat. 

At firat tho rariation in ton, or linoar donaity« oaaaod aono 

alana. Again no dofinito trond eoold bo dotominod rolating tho fluo* 

toationa in tax to lovol of irradiation troatnont. Tho gonoral roduo* 

tien in tax waa thought to bo oaaaod by noiaturo roaoral duo to orao* 

iiation and aingelng. This yam was aoaaoned threo daya or loaa in moat 

eaaea, and, aa waa dotorminod lator, thia waa not long onough to allow 

tho yam to ratum to oonatant oondition with a 65^:2 par oont rolatiwo 

humidity and 70 i 2^F air ataoaphoro. 

la aotting tho paramotara of tho troatnont, poaition of yam in 

tho plaamn, proaauro and roltaga wora not rariabla. Tha only rariabla 

paramotara wara tlna of irradiation and eurront in tha high voltaga 

oirouit. 

Slongation and tox wara of littla ralua in aatting thaaa two 



 

38 

1300 r 

(O 

E 
o Current: 
1200 

o 
40 ma -O-

c 30 m a -X- X 

o 
-V 

X 
-©-

h- I 100 
e> 20 m a -+' 
z 
UJ 

cc 

i~ 
to 

1000 
o 

O Control 
< 
llJ 

cc 

CD 900 

rawn and evacuated only 

% 

Each point indicotes on average of 50 breaks or more. 

-L J- .1. -L 

10 20 30 40 50 60 70 

TREATMENT TIME In Seconds 
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TABLE IV 

DATA USED IN SETTIMl PARAMETERS 
FOR IRRADIATION TREATMENT OF AEdl-lQA 

COITON lARN FROM SINGLE STRAND BREAKS ON A USTER TESTER 

uurrent in Tune in Tex In Breaking Strength Elongation 
Killiamperes Seconds Orams/lOOO Meters In Grains In Per Cent 

Control 58.7 965 (200 breaks) 8.30 
Control 

0 

-

17.0 
59.0 
57.6 

95U (200 breaks) 
926 (165 breaks) 

8.05 
6.95 

0 31.5 57.3 902 (225 breaks) 7.30 
20 17.0 57oO 1096® 7oU3 
20 31.5 59.1 1156 6.83 
20 Ui.o 56.9 1190 7.10 
20 52,5 57.9 1202 7.2U 
20 62,5 56.1 1102 6,10 
30 17.0 57.8 1172 7.10 
30 31.5 57.3 118U 6,99 
30 Ui.o 55.U 1232 7.00 
30 52.5 57.3 120U 7.2U 
30 62.5 57.6 1165 6,8U 
liO 17.0 57,0 1182 7.77 
Uo 31.5 56.1 1212 6.77 
UO Ui.o 5U.5 1150 6.68 
Uo 52.5 5U.1 1112 6.UU 
Uo 62.5 5U.0 1138 6,1U 

®A11 treatments involving irradiation, as indicated by current 
values, were tested with 50 breaks or better. 
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only doflnito troad Indioator m« breoklag otraagth. 

fim'-ourrmA eoobia&tioaa of Sl»5 ioaoado »t forty alllltuqyeree oad 

41,0 ooooada at thirty mlllioji^poroo lodiofttod appro*Inatoly tho aono 

•trongth laeroaoo of irradiatod oror oontrolj so, duo to tho tliao 

fftotor, tho fiinrt ecHablaatlon oas chossn. 

la all disoussiott following, any Irradiation oat dono with tho 

apparatus doteribod in Chapter II adjusted to irntdlato tho yam for 

51,6 soeonds in tho plasna at l,Bi 0,3 adlliisstera of aeroury prossuro 

and 40+3 ailllaaiporeo ourrost in tho high Toltago systoa. Fluotua-

tions la proosure wore duo to Tarlatioa in the linear density of tho 

yaraf likewise, the ourreot Tariatioas were caused by the prossuro 

fluotuationc. 

Poet Irradiation Treatment 

Relaaation 

The yam was dragged through tho irradiation apparatuo and 

wound onto tho wlnd«up drua under 8<mm tension, Allowing tho yam to 

remain undor this tonsim for a ehort length of time resulted in a 

reduction la elmgation. Also, storage spaeo for this drum while tho 

yam was eondltlonlng was limltod. To solve those problems, tho yam 

was rewound onto warp bobbins after irradiation. This allowed relaxa* 

tlon and mdo a saaall paokago for otorago while oonditioning, 

Cenditioning 

As Bontioned in the previous section, oonditioning tine was 

Tarn whon takon from tho irradiation ohaiid>or was dohydratod. 



Aoeording to ASTU standards (2) yam should bs at eonstant atolsturs 

squllibriua with a 65i 2 p«r esnt rslativs hwaidity and 70±2®P air 

atnosphara befors bsiag tostad* ^a systam of suooossIyo woighingt 

it was dotorainod that nina to tan. days of ooaditioaiag wara naadad 

bafora ooastaat waight was attaiaad. It was also dataminad that all 

Irradiatad stoek was at aoastant walght afbar fourtaaa days of saasen* 

lag. Tharafora in tha woric dasoribad in this study all irradiatad 

yam was brokan tha fourtaanth day aftar balag plaoad in tha oondi* 

tioning room. 

Spaaifla Traatnants of tha Yam 

Irradiation and C<mtrol 

Snough yam for four hundrad braaks was irradiatad at aaoh of 

tha salaetad points owar tha ranga of twists. Tha staans of thasa 

^**®ks wara ooiqparad with tha moans of four hundrad braaks of oontrol 

stook with ragard to strangth, almgation and llnaar dansity. Tha 

nathod of braaking this yarn is prasantad in Chaptar 

KtHanoi Extraotioa and/or Irradiation 

Baeausa proTious work indioatad wax dagradation (25) it was 

posslbla that only tha wax on the surfaoa of tha yam was balng af-

faatad by irradiation. Hot athanol axtraotlon was parfomad m two 

twist poiatS|» tha optimum aontrol twist and tha wrirlmnm strangth ln» 

oraasa twist. At aaoh point tha msan of four hundrad braaks of ax« 

traatad yam was oomparad to tha maan of an axbraetad and irradiatad 

traatmast. 
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fh« yam mta axtmotad with nin«ty»fiT« par eaat h«t «thyl 

aloohel la a SoxhXat axtraotor for alx heura (8)« tha axtraet was 

traaafarrad to a aaparatory fimaal aod dilutad with ohloroforau Than 

tha ohiorofem was washad with watar to ranowa nonwax aubatanoaa tad 

tha ahlorofom allowad to araporata. Tha rasidua, both amwax and wax^ 

was walghad and par aaat by dry waight ealoulatad. At tha low twiat 

point 0,75 par oant wax and 0,86 par oant nonwax and at tha high twist 

point 0,52 par oant wax and 0,76 par cant nonwax wara raaoxad. 

Hot athyl aloohol axtraetion ranaxaa all tha wax and sugars and 

twantyflTO par oant of tha ash (17), lard (87) giras tha eonpositlaa 

of typioal, aatura cotton fiber, dry basis, as 0,6 par oant wax, 0,3 

par east sugars aiai 0,4 par cant as ona-fourth of tha ash, Thriations 

in wax arc listad frcna low at 0,3 par oant to high at 1,0 par cant. It 

is fait that a thoroxigh Job of wax axtraotim was dona and that any 

diffaranoas batwaan axtraatad and axtraotad and irradiatad yam was not 

eausad by wax. 

Manipulation and ETaouation 

Tha final traatmaat shown la this study was to draw control 

yam through tha irradiaticm chaabar undar waouuBi, This was dona to 

show tha affact of nanipulations during irradiation on tha yam, Tha 

Sana two points as in tha axtraetion comparison wara usad in this 

traatmant, 

Tha results of tasting tha Tarious traatmants are shown in 

Chapter T, 



CHAPTER IT 

TE8TIHG THE TARE 

D«sorip%loa and pp«r«.tion of th« tTstsr Contlnaout Break TeateT 

k Uater yam atrwagth tester, manufaoturod by Zellwegar Ltd., 

TTster Shd-tiarland, type AD, number 96.1388/8, owned by Crops Researeh 

DlTlsion, Spinning Laboratory, AR8, CSDA, lainnrilla, TamieMMi, ABS 

avaber 51266, was used to test the yam for this study. Figure 18. 

The length of thread between the gripe that was tested for 

strength and elongation at rupture was invariable and measured five 

hundred millimeters, or 19.T inehes. Figure 14 (28). 

The grips used to hold the thread wore peeked with stainless 

steel bushings. Steel was used to hold the thread securely without 

slipping. Very few "ohuck* breaks oeourred iriiioh Indioated that grip 

damage to the yam was a minimm. 

The loading deriee worked aooording to the inclined plane prin-

oiple. Figure 15. Pull on the yam was exerted by a weight rolling 

down a plane with variable inolination. This pull, which depends on 

the else of tbm weight and inclination of the plane, was set for the 

aero to two theusat^ grams range. At each test, the plane moved slowly 

downward from the initial horisontal position imtil mpture ooeurred. 

Rate of inorease was adjusted so that the aaximtas pull neeessary to 

break the yam was roaohed in ten seeonds. 

The apparatus was set to carry out one hundred tests in one 

working operation. After each one hundred tests the machine autosMti* 
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Flgar* 19, Th« Vft*r ymm ttrtngth 
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Pigur* 14* Thi* grip* of th« Uat«r» 
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Plgur* 15. InellMd plAn« loiiding d«Tle«, 
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eally th«n the broken yam «»• remored and retained* fhit 

prooedure nae repeated mtll four hundred breake had been aade at eaoh 

point* The retained broken yam aaa ueed to determine the exaot linear 

deneity of the yam* 

All breaking for this study eas done on the same aaehine in a 

controlled oondltioa room using the saae breaking ranges for all 

treataents* ' 

Maohiae Presentation of the Data 

The breaking strength and elongation at rupture of eaeh tested 

piece of yam eas recorded on a ruled paper strip* Figure 16* Each 

Of the tue ralues eas represented by tto length of a line draun by a 

ball-point pea* Full scale on the ruled paper indicated one hundred 

per cent of the aaxisum for the elongation and breaking strength ranges 

selected* hi this study* full scale for elongation represented tuenty 

per cent, with full scale for breaking strength representing tec 

thousand grans. Aotual values were read from paper strips in per cent 

of full scale* 

The values of breaking strength were also mpresented as fre 

quency distribution. Figure 17* For eaoh hundredth part of the load 

capacity used* the number of the measured values eas representsd by 

laying an equivalant number of balls into a groove ehioh indicated 

the strength interval in question* This distribution was eepisd and 

rsoordsd for eaeh of the tested points* Speoial diagram paper oali-

grated to the eise of the balls and grooves was used* Blaok orayon 
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rubbed on the pnpor plnood oiror tho bolls to £,!▼• a pomanont 

copy, 

Tha sum of tho elongation eas given by a four<<liglt oounter. 

Figure 18« ten per oent elongation gave a reading of one* A seeond 

four-digit oounter gave the eua of the breaking loads vlth ten eorre-

■pondlttg to a tensile strength equivalent to turo thousand grass. A 

third four-digit oounter totaled the number of tests earried out. 

In eaoh ease the sum of four hundred tests uere aoouaulated em 

the data reeording devioes. The term "Dial", appearing in following 

seotions of this thesis, is used to elassify data that was read di 

rectly from the maohine aoeunulatiem, whereas "Chart" indieates data 

that was read and derived from the individual break recordings on the 

paper strip. 

Methods of Bvaluating the Measurements 

For eaoh treatment at eaoh point the breaking strength and 

breaking strength standard deviation were oaloulated by two methods. 

The average values of strength were first determined from the readings 
of the breaking strmigth eounter whieh eontinuously totaled the indi 

vidual test data. The following formula was usedt (28) 

T s 10 8p/n + k, 
wheret 

T • the breaking load in per oeat of two thousand grams, 
Sp • the reading of the breaking strength oounter at the end of 

a test. 
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n s nunber of breaks carried out, and 

k * 2*3, a aaohine factor oonstaat dcrired by the aanufao-

turcra for thla aaehinc* 

An actual illuctratlon of thio ncthod of atrongth datominatiOB 

la ahem in Appendix B« 

In any oaao if there ma a aalfuaetion of the apparatua, auoh 

aa no thread being in the gripa while a teat ma tried, dial indieatera 

would regiater ten mita for breaking atrength, ene unit for elongation 

and one unit for the nunber of breaka, IheneTar thia oeeurred, the 

readinga were eorreoted in the manner preaoribed in the operationa 

manual for the Ueter (28), 

The mean breaking atrength ma alao deteminad by reading point 

valuea for the individual breaka from the lined atripa of paper* 

Theae raluea mre ataamed and ealoulationa made to detanaine the break* 

ing atrengtha* A aaaqple of thla method la ahewn in Appendix B* 

The atandard deriation, or the aTorage quadratic deriation of 

a aingle value from the arithmetie mean, ia the oriterion of uneven* 

neaa uaed moatly la modem atatiatioa* The atandard deviation of 

breaking atrength ma ealoulated from the four hundred break valuea 

read from the atripa ef {Mper* The method uaed la deaerlbed by Bned* 

eoor (22) and illuatrated la Appendix B* 

A aeeoad method of appreximatiag the atandard deviation from 

the frequency diatribution on the diagram paper ma uaed* Thia method, 

daaoribed in the Uster operationa manual (28), givea an idea regarding 

the unevenaeaa of the breaking lead* The wider the frequeaey diatri* 
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kution xMaturod at th» baa«» th* axore tmaran th« braakixig load of a 

*t«atad yam* k ipaoial rular eallbratod to tho oealo of tho diagram 

papor aao vaod to noaattro tho bato of tho froquoney dictrlbutitm. 

Thio rulor vao road diroetly la standard doTiation la par oont of tho 

broaklng strongth raago* 

Moan olongatloa aas ecoputod la aueh tho sano aay ao noan 

broaklng strongth* Tho olongatloa at rupturo oalculated from tho 

roadlags of tho oeaator ms obtalaod by aslag tho fomulai (28) 

B a 10 So/a -f o« 

vhorot 

B • tho arithaotlo aoaa of all olcngatlons la par ooat« 

So a tho roadlng of tho elongation oeuator at tho oad of a 

tost« 

a tho niiabor of breaks earrlod out and 

o 0*1« a oeoistaat dorlrod by tho aanufaoturore of tho 

Hsehlao* 

Aa aotual llluotratloa of this nsthod of olongatloa dotoralaa-

tlon Is shom in Appsndix C* 

Ths aoaa sloagatloa oas also dotormlaod from rosding ladlrldual 

point Toluos for olongatloa, auasslag those Taluoo end smklBg tho noooo* 

•ary aaloulatleno* Tha alongatloa standard darlatloa oaa darlrad la 

tho ooBW naaaor dooorlbod ao the flrot broaklng otrangth aethod* This 

Is illustrated la Appendix C» 

Data aad results tskon fron tho ruled paper strip ars thought 

to ba noro aeourats than msults obtalnsd from oountsr auHOBatlons* 
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This opinion it dtao to tho foot that tono slipping and nalftmotloning 

of tho eoimters was actlead. In oaoh tost, data obtainod frtm tho 

oountors aad froquoney distribution is prosoatod as a ohook «a tho 

aoouraoy of saluos oaloulatod from tho individual point rooordings. 

Data plottod in figuros used to graphieally prosoat tho rosults noro 

derived from individual point dateminations. 

Linear dansity was doteminod at eaoh twist point tested for 

all treatnents. Tho salvaged yam froa eaoh fonr hundred breaks was 

aoouratoly weighed using an analytioal balanoe Bsnufaoturod by Voland 

aad Sons, Ino., Sfov Soeholle, Hbw Toxic, model number 220D, DSDd number 

PI-9-984e. Ifclghts wore determined by the single defleetion method of 

weighing (6). The following formulas were usedi (28) 

Tex m 1000 10iL, 

eherot 

Tex e weight in grams of one<»thousaad meters of yam, 

W weight of the salvage in grams, 

a a the number of breaks and 

L • 0,707 the length of yam required for eaeh test in 

meters. 

Count a BdO.B^ex, wheret 

Oount a the nuaher of 840 yard hanks in a pound wT>d 

890.8 a a ecrnvsrsien constant (8). 

An illustration of ths actual oaloulation of tex and count is 

shown in Appendix D. 

The eoeffioient of variation (l), a measure of relative variaw 

tlon, was ofldoulatsd at saeh twist point for broaklng strongth and 
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•longfttioA* It r&th«r ehiAraotoristlo that larga things vary 

mtoh aaS taoll things littls (22)# For this reason it is eonrenient 

and oustonary- in the sotton industry to express the easels standard 

dsriation as a fraotion of the saaple moan« the resulting statistic: 

is oalled the eoeffieient of variation and expressed in per cent* 

Althotigh oottcm yam breaking strength means and standard deviations 

vary oonaidorably, the ooeffloient of variation remains about tan per 

coat (9)« This faot is often need as a measure of the validity of the 

testing perforiMd and was so used In this study. 
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CHlLPnSR V 

RESULTS OP THE STUDY 

Th« raiults of thli atudy^ oxoopt for noisturo oontont^ «.ro 

l^rooontad gr&phioally for oaoh traatmant* Exact raluaa of points 

plottad ara liatod in Appandix E, or In Tabiaa II and III, Basults 

for aaoh traatmant show braaklng strangth* braaldng strangth standard 

dariatien sad aoaffleiant of ▼ariatlon, alongation, alongation standard 

dariation and eoaffioiant of Tarlation, llnaar danalty, maan ooapari-

sons whara naaassary and molstura oontanta, Linas Joining points on 

tha graphs indioata trand and should not ba usad to pradiat ordinata 

waluas for a giran twist. 

Appaaranea 

Changas in appaaraaaa and physical eharaotaristios rasulting 

trcm irradiation wara notioad by tha author. Tha yam prior to traat** 

nant was soft and smooth, appaaring to slida apart whan brdcan. Tha 

aontrol yam floated on tha surfaoa of natar and did not mat. 

Ehan tha yam entarad the plasma of tha diseharga tha fuss on tha 

outar surfaoa was singed off imnadiataly. Tha burrs, or small piaoaa 

of trash, remaining in tha yam wara sorapad off by tha oomprassion 

fitting. Tha irradiatad produot waa rough and harah to faal, smelling 

slightly bumad. This irradiatad stook was rary water abaorbant, wat* 

ting instantly, and broka with a snap showing littla fibar slippaga. 
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Th« aboT9 Mnbi(m«d oharaot«ristio8 ar« ■imilar to affaota 

produead by Irradiation of octton lint and aaad raported by R* B* 

8tona« Jr« (23)» 

Tha hot athaaoX axtraotad yam «a« harah to faal and had a 

graatar affinity for tmtar than tha oontrol. Tam that vaa irradiatad 

aftar axtraotion naa harshar than tha axtraotad stook* Irradiation 

oauaad tha axtraotad yam to hmra a at ill graatar affinity for natar 

than tha ethanol axtraotad nonoirradiatad yam* 

Llnaar Danoity 

Yam oount and tax nara dataminad for all traataanta at aaeh 

tariat point to ahow both ralativa uniformity and affaot of traatmant 

on linaar dmaity. Tha raaulta ara plottad in Piguraa 19 and 20. 

Diffaraneaa ean ba attributad to moiatura i>(naoTal along with aoma 

aingaing of tha irradiatad yam and to variationa in apinning* 

Braaking Strangtha and Strangth Ineraaaaa 

Maaa braaking atrangth varaua twiat for all traatmanta ia ahoun 

gmphioally in Plgura 21* Tha oontrol aorra riaaa ahai^ly to a maximiaa 

and than gradually daoraaaaa with orartwiating* Thia la tha eurra fora 

axpaotad aa axplainad by Landatraat« Ewald and Slmpaon (IS)* 

Tha irradiatad ourra riaaa alightly from tha lowaat twiat apon 

to tha aasM optianm twiat point aa tha oontrol^ than thia ourra da 

oraaaaa aharply with ovartwiating* Strangth inoraaaa of Irradiatad 
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oT«r oontrol oa a ooatrol ba»is !• ihom graphically In Figura 28* 

Tha braakiag atraagth af tha axtraotad and axtraotad and irra* 

diatad yam at low and optlnna twlvta was approxlaataly tha aaaa aa 

tha irradiated. Similarly, drawn and avacuatad yam at the aame two 

twiata waa approximately the aame aa tha aontrol, 

Braaking Strength Standard Dariationa 

Breaking strength standard dariationa are shown in Figura 23, 

la tha oontrol eurre, standard deviation, a maasura af variation, riaaa 

throughout tha range of twists. The curve for tha dmwn and avaouatad 

traatnent indicated that yam at low twist waa affeeted by manipulation 

and/or evacuation to make a aaapla that waa more unifom than tha 

Cfrntml, This treatment had relatively no effect on yam at optiaana 

twist. 

The breaking strength standard deviations for tha irradiation 

traataant rise sharply with tha first two low twist points and than 

gmdually daeraasa through tha higher twists, 

Tha standard deviation of extracted yam at tha two points 

tested indicate more variation la breaking than Irradiated or extraotad 

and irradiated yam. This trend in variation indieatea that irradia* 

tlon had aoaa affect oa tha extracted yam, 

Braaking Strength Coaffioiant of Tariationa 

Tha ooaffioiant of variations of braaking strsngth, a asasum 

af relative unifcmity, are shown in Figure 24, Tha roaulta Indioata 
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thut tii0 irradlatedl yam braaking strangth itandaH dariationa vary 

unifonaly with tba aaana throaghoub tha oo^plata ranga of badats* Low 

wmoaut at tha low twiata and low aaana ecabinad with high atandard darl* 

ationa at tha high twiata aacplaia tha pattam of tha oontrol Ottrvw* 

Thaaa ourraa indieata that tha yarn taatad broka with a mtlo of 

brwaklag atrangth atandard doTiatioa to swan in a range aimilar to 

other atudiea of thia typo (9), 

Breaking Strength Fraquaney Diatributiona 

Tha fraquanoy diatributiona illustrated la d.ppandix F show tha 

▼ariatioB in breaking atrangth of aoatrol, irradiated, axtraetad, and 

inctraotad and irradiated traatiaaata at low aad optianm twiata* Thaao 

figuraa, aa eoplad from tho ITatar aharta, show graphioally that the 

wariatim of extraeted yam waa groater than the Tariation of extraoted 

and irradiated yarn, and that tha oontrol varied latt than the Irradia* 

tad youm* 

Mean Camparisana of Bmaking Strengths 

Ccnpariaon waa made batwaan traAtaanti only and not botwaen 

twlat pointa of aimilar treatmenta* Comparison of Irradiatod and 

oontrol stock on a point to point basis waa tmnaeasaary with atrangth 

inareasaa aueh as thay i»ra* 

Tha highest twlat point had tha smallaat mean difference and 

approximately average naan atandard deriation* using "atudant*a" 
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t for noan dlfforonoo it «»• showi for th* 18«0S ttil«t point 

that tho man broaking atroxigth of irradiatod yam vaa aignifieantXy 

difforont and graator than tha omtrol. Probability lorol for this 

differonoo was 99*99 por oont using eno hundrod twonty dogroos of 

froodom. This oonparison is shoun in Appondix 0, Considsring this, 

it oan bo oonoludod that tho taoan broaking strengths, irradiated eoon* 

pared to eontrol, are different at eaoh teist point as tested in this 

study* 

In eoB^ring the other treatments it eaa found that, statisti* 

eally* eaeh man eas different frosi say ether at both the low and 

optimum twist oheolc points at a probability lerel of 97*6 per oent er 

greater using one hundred twmty degrees of freedom* Due to the large 

eeiq>ling, the rerersal of direetien of man differenoes at the two 

ehook points, tho rang# of th# iadiridual breaking etrength determina* 

tiens and the variation of yam linear density, rsalistioally there Is 

no difforenos in breaking strength of the irmdiated, extraoted, and 

extraeted and Irradiated samples of yam as treated and tested in this 

study, or the oontrol as oompared with the drawn and evaouatad treat** 

msst* The above applies to mean breaking etrengthe only* 

Elongations 

Ths man yarn elongations at rupture are shomi in Figure £6* 

Testa of irradiated yam indioate unifom elongation throughout the 

oos^lete range of twists* In breaking, the irradiated fibers did not 

appear to slip apart at any twist, but aetually snapped* Elengatlen 
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of tho Irrodifttod yarn taaplei appoarod to bo a reoult of fiber elon 

gation and tightening or equooting of the fiber#. It ii thoogfat that 

slippage, a factor in elongation of eontrol yam, had little or no 
i 

part in elongation in tho irmdiated sanples* ^ 

Orer tho irango of toiots the eontrol ouifre appears to bo aero 

irregular than tho irradiated, la the low poii|ts the fibers were not 
wound together tightly enough to prevent slippage. Sense initial slip 

page was notioed in the aid-range of twists, i^e third point froa 

tho high <md was wound rather tightly on the warp bobbin daring spin 

ning whioh eould bo a eause of tho irregularity notioed there. The 

final two points were orer-twisted to suoh an extent that kinks wors 

seaetiaes fonted in the saaples, Sloagatien at these pointa included 

straightening the kinko aloag with the other factors. 

Presented in Appendix H are plots of force applied in breaking 

teets veraua tiae froa initial applioation of foroe for low and optinni 

twist points of Osltapino-18 tsn oount yam, broken on an Instrou 

tester during the preliainary yam otudiee that led to the researoh 

deeeribed in this thesis. The author takes liberty in preeenting 

these plots without giving the ooaplete baekgrouad of thsa. They show 

oxaotly how yam reacts with applioation of an increasing load. In 

the control plots curve in the rate of load lines indioatss slippage 

between fibere. The irradiated plots show no indioation of slippago 

botwoon fibors daring tho brooking tosts. 
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Elonefttiott Stuidftrd D«Tlatlotii 

The olcmgRtioa standard doriatlont, ahoim In. Figora 26, Indl* 

oatod an Irragular but ataady Inoraasa with ineraaaing twiata, la 

tha ooatrol ounra, tha irregular low points are attributed to fiber 

slippage, while tha increased variation of the Gver»twittad points eaa 

be explained by kinking, Tha irradiated elongation standard doTiations 

inoraasa arratioally, but regularly, with inoraasiag twists, Tariatlons 

froa point to point are attributed to yam Tariatlons rasultiag from 

spinning. 

Elongation Ooaffioiant of Fariatioas 

Tha ooaffioiant of Tariatlons of aloogation fall within tht 

axpeotad range with no unusually arratio points existing. These 

ooaffioiants are shown graphioally in Figure 27, 

Moisture Contents 

Tha BK>isture oontants of tha salragad ootton yams ware datar« 

ainad for aaoh partioular troatnant, Tha results are shown in Table Y, 

Tha au>istura amtants of tha ooatrol and tha dmwn and araouatad 

sanplas ware sinilar to oontants reported by Hard (27), Tha differ* 

aneas in irradiated and athaaol extraotad stook or tha siailarity of 

irradiated to extraotad and irradiated stook oan not be explained. 

It is felt that tha aoisturo oontants are ralid as reported. 
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TABLE 7 

-11 
MOISTORE CONTENTS OF AEdl-lOA COTTON lARN 

SAMPLES USED IN BREAKING STRENGTH 
AND ELONGATION TESTS 

Moisture 

Dry Content 

Method Of Twist In Weight In 

Trea-tment® Tums/lnch In Grams Per Cent 

Control Sample 1 28.13 7.07 
Control Sample 2 36.71 7.16-

-Irradiated Sample 1 l49o85 6.82 
-Irradiated Sample 2 U9.61i 6.75 

Ethanol Extracted 8.U5 23.68 7M 
Ethanol Extracted 11.95 17.80 7c30 
EJthanol Eixtracted & Irradiated 8.U5 17Ji6 6.76 
Ethanol Extracted & Irradiated Uo95 16.37 6.78 
Drawn & Evacuated 35.08 7.07-

®Cotton samples were at constant weight in an atmosphere of 6$% 
relative humidity and 71°? temperatiire prior to removal of moisture by-
heating o 

^Moisture content was derived on a dry weight basis. 
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Proposed Future Studies 

Some future studies In irradistion of ootten vith the pXasai. 

of an eleotrloal disoharge that night be nade are« 

!• Intended paraaeter oheek; with longer times of irradiation. 

2. Current density studies inrolring irradiation ehamber sises 

sad shapes using the results presented in this thesis as sMiasures of 

the effeots produeed. 

S« Moisture eontent studies to show the effeet of irradiation 

with plasma on noisture regain. 

4. Breaking stmigth studies to show the effeet of irradiation 

with plasma en yam with noisture eontent at break as a rariable. 

5. Breaking strength studies to ocwpare the effeet of irradi* 

ation with plasma to kier boiling on low twist cotton yam. 

6. lear md fatigue tests of irradiated yam. 

7. DeTelopment of a theoretieal aaximvaa strength for yam 

using fiber qualities as prediotors. 

8. Tarious fabrie tests of irradiated fabrie and fabrie made 

from irradiated yam. 

9. Power detenuinations throughout the irradiation system. 

10. Separation of the eonponents of the disoharge in an effort 

te find ^ust wfaieh or what eoabinatien are causing the effeets noticed 

in this study. 
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Introduotion 

flam purpo«« of tho study desoribsd la this thosls «u to show 

soM of tho offsets of irrodlatloa with tho plossui of aa oloetrleol 

disohorgo through sir at lew pressure on eottoa yam* Appearaxioe, 

uaifonalty* aolsture eeateBt« strength, elongation and variation in 

the fretiueney distribution of strength and elongation were the yam 

qualities used to sMMisure the effeots* 

In reoent years many studies of the offsets of gaana, neutron 

and beta Irradiation on eotton have been nade. In general eetton yams 

have been degraded by the irradiations although there have been som 

trend indioatlons of benefioial results at low treatnsat levels* The 

sttidy described in this thesis was of the effeets on ootton of low 

energy plasna irradiation* 

Effeets of the Irradiation on Tarn Qualities 

The genezvd appearanoe of the yam was altered by the Irradl* 

ation treataent* The texture of the yam was ehanged fron a soft, 

snooth feel of the eontrol to a harsh, rough feel of the irradiated* 

Affinity for water was Inereased by Irradiation both on eontrol and 

hot ethaaol extraeted yam* Linear density, used as an indieator of 

unlfomity, varied from twist to twist, but this variation is not 
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attributed to the irradiation* B^uilibrlua moioturo oontont of tba 

yam vaa affootod by the Irradiation troatmont* 

Tarn breaking etrangth, or arorage foroo noooeaary for rupturtj^ 

naa inoraaaad by irradiation* This inorsaao» irradiated over coatrol^ 

aaa related to twiat in the yam with low twiata having the greateat 

atrength increase* The naxiitua inoreaae waa 87 per cent at 8*45 tunui 

per inoh* with the yam being atrengthened 31 per eent at the optianm 

eontrol twiat of 11*98 turns per inoh* Hot ethanoX extraoted yam 

waa not stronger than the irradiated and irradiation did net strengthen 

the extmeted saaplea* Manipulations siailar to those used in the 

process of irmdiation along with eraouation did not affoot tha yam 

strength. 

There wae aore rariation in the frequency distribution of braak** 

ing strangths of tha irradiatad saa^laa than in tha control* Taria* 

tiem in the axtraoted aaaplaa was gmater than the irradiated* Irradi 

ation after extraotion reduced the variation of the extraoted aeaqiles 

to approximately the aeae as the irradiated only treatment* 

Blongation of the irradiated aanplee* from applieatlon of fome 

to rupture* was mora unifom In nagnituda ever a range ef twietc than 

the eontrol. Xlongation variation of the irradiated treatmmts tended 

to be leas than the eontrol* 

£a general the effects of irradiation with plasma on cotton yam 

as treated end tested were benefioial* and trends notiead in prallm-

inary work wars subatantlated. Tha rasults of this study ean be used 

ea measures of effeots produoed in future irmdiation ctudies that smiy 

be BMide to detemine what eaused the notieed effeots* 
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Postibls Caus«i of tho Kotlood Effoott 

TIm Biorographs ihoim in "Iffoota of Exposing Cotton to Oat 

Plaaaaa, A Progroaa Eaport* (2S) givo taM indioation aa to tha aorer-

ity of tha irradiation along with a visual dasoriptien of tha aurfaoa 

of tha eotton fiber* Hantionad in this report ia tha faot that tha 

waxes on tha individual fibers ware degraded as a result of tha sasM 

type of irradiation used in tha study dasoribad in this thesis* Thaso 

two faots indioata ebsungas in eotton fiber surfaea eharaotaristios 

that night result in an inoraasad effectiva coaffioiant of friotion 

at oontaet points batwana fibers in tha yam* 

Bundle analysis indicated no ehanga in fiber tanaoity at tha 

oncosighth inoh gaga length (24)* Tha brasking strength standard 

deviation of hot athanol axtmotad yam was daoraasad by tha irmdi« 

atim traataant indicating that something other than tha wsotas ware 

affaotad* Qaa theory as to what is eausing the affects is that alooo 

tron boBd>ardiitant releases enough heat both to degrade tha waxes end 

to roughen tha primary wall surfaea by rapid noistura vaporisation* 

Further studies related to tha affaats of plasma irradiation 

on agricultural products are being nada by Fam SlaotrifioatioB 

aaeearch Branch. Agricultural foginaaring Research Division. ARS. 

DSDA. at Xnoxvilla. Tannassaa under tha supervision of E* B* Stone. Jr., 

Agrioultuml Sngiaaer in charge* 
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NUU^R OP BREILKS 

The number of breaks required T»hen a mean difference of 125 

grams ifas desired to be significant at the 0,05 probability lerel was 

oaloulated in this manner* 

r 2(7s)^(ti+t2)? 

whereI 

S « the true difference desired to detect, 

o" a the true standard deviation, 

ti a "Student's* t at 0,05 P, 

t2 a t corresponding to 2(l-P), 

r a number of breaks and 

P a probability level, 

thereforeK 

r ^ 2(103,6/25)2(2,0+1,71)2 

r ^ 471, that is, if the asstimption is mads that 

103,6 grams, the calculated standard deviation from one hundred breaks 

of DPI* ̂ 15 yam, is the true standard deviation, at least 471 individ 

ual breaks would be required for a i25 gram differanoe in means to 

be si^ificant at the 0,05 probability level. 
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STRENGTH DETERMINATICHS AT THE OPTIMUM 

POINT FOR THE GCNTRCL 

Dial 

Caloulations for moan strength determined from the dials of 

the Uster were as followsi 

"P a 10 8t)/n +k 

whereI 

T a the arerage breaking load in per cent of two thousand 

grams, 

Sp a 1889, the reading of the breaking strength counter at 

the end of the test, 

n 3 400, the number of breaks and 

k a 2.3, a machine constant, giving 

"P = 10(l889)/400+ 2.3, 

"P « 49.525 per cent of 2000 grams, 

T 3 990.50 grams. 

Chart 

In reading the individual point indications from the ruled 

paper,T varied from 37 to 60 per cent, with the sum of the P's 

times the frequency of occurrence equal to 19,652 per cent. The 

sum of the frequencies times the P^s equalled 971,337, 

Thereforei T s 19,652(2000) « 982.60 grams, 
400 
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Th« standard deviation. 

8 » ktV^ - (^fP)Vn 
n - 1 

8 = Ml,337 - (19,652)2/400, 
599 

s 5 ±3o82382 in per cent of 2000, 

Therefore, 

s = ±3.82382(2000)/L00 

8 - ±76.4764 grams. 

The ooeffioient of variation is the standard deviation divided by 

the mean, or 

Cv = (s/'F)lOO, 

Cv = (76o4764/982.60)100, 

Cv - 7.78 per cent. 
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ELONQATIOH DSTERMINATICNS AT THE OPTIMUM 

POINT FOR THE CONTROL 

Dial 

Caloulationa for elongation determined from the dials of the 

Uster irere as follows» 

'ET 10 8a/n+e, 

where* 

¥! = the arithmetic mean of all elongations in per cent, 

Se 3 319, the reading of the elongation counter at the end 

of the test, 

n - 400, the number of breaks carried out and 

e 0.1, a machine constant, giving 

1 s 10(319)/400+ 0.1,. 

If 3 8.075 per cent. 

Chart 

In reading the individual point indications from the rtiled 

paper, ¥ varied from 6.8 to 9.6 per cent, with the sum of the B's 

times the frequency of occurrence equal to 3,301,4 per cent. The 

sum of the frequencies times the E^s equalled 13,677.86, therefore 

¥ s 3,301.4/400 8.254 per cent. 

https://13,677.86
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The etandard deTiation, 

8 = /^fE2 - (£fE)2/n. 
V 599 

8 = /13.677.86 - (3.301.4)2/400 
V m 

8 - +0.51934 per oent. 

The ooeffioient of Tarlation is the standard deriation dirided 

hy the mean, or 

Cv s («/1)100 

Ct « (0.51934/8.254)100 

Ct • 6.29 per oent. 

https://13.677.86
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LINEAR DENSITY DKTERtelNATICIf 

T«x and count, neasurea of linear density wore determined in 

the following mannerj 

Tex s 1000 fl/nL, 

wherei 

Tex s the weight In grams of 1000 meters of yam, 

W » the weight of the salvage in grams, 

n s the number of breaks and 

L 0,707, the length of yam required for eaoh test in 

meters, 

thus, when W 17.3302 and n « 400, 

Tex « 1000(17.3302)/400(0.707), 

Tex s 61.28 gi*ams/lOOO meters, 

and as count « 590.e/¥sxt 

Count 590.5/61.28, 

Count 9.64, the number of 840 yard hanks in a 

pound where 590.5 is a conrersicm constant, 

https://590.5/61.28


 

 
 

 

 

 

 

-v.* 

Ai^ral'lUlA.I'StoCFiTTsTy ff a 

" •' ^ v't ■• > L f -■ '■' ■'■■"> 

! .'■-■-■iv'' . • , ■ ■-■ jt'i", . 
' ■ ■ . O'ji i 

f ' ..Vp,-
• r ■■A 

'vrv-;'"' ■■ 

'.. V ^ . 

V .' 3^ . 
w » - ; Ji-v 

■ ■ ■ ■ ; ^ 

, " ,- 1. - ■V'V-J 

' C- '^> -'- .. '•■ - art"--*"' •■■ 

; ■■ ,.. . '■^■ .^;:3^• v; 

M:-



91 

TABLE VI 

BREAKHn STREICTH DATA 
FROM SINGLE STRAND BREAKS OF IRRADIATED AND CONTROL 

AEdl-lOA COTTON lARN BROKEN ON A USTER TESTER 

Breaking Strength In Gramsa 
Strength 

Twist In Control Irradiated Increase In 
Tuma/lnch Chart Dial Chart Dial Per Cent 

7.66 620 630 1090 1097 76 
8.U5 6h5 6h8 1207 1216 87 
9.07 77U 775 1218 I22I1 57 
9.80 8lh 821 1218 1223 50 

ll.lii 925 927 1259 1263 36 
n.9^ 983 991 1287 1286 31 
12.69 953 955 1175 1183 23 
13.17 95U 955 1169 117h 23 
lli.89 895 900 1101 1103 23 
16.31 880 877 969 967 10 
18.03 8U0 8U6 890 88U 6 

*Each value is an average of I4OO breaks. 
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TABLE VII 

BREAKIIG STRENGTH DATA 

FRCM SINGLE STRAND BREAKS OF AEdl-lOA COTTON YARN 
TREATED BY VARIOUS METHODS AND BROKEN ON A USTER TESTER 

Breaking Strength 
Method Of Twist In In Grains® 
Treatment Tums/lnch Chart Dial 

Control 6Ji88.ii5 61i5 
Irradiated 1208 12168.1i5 
Drawn & Evacuated 6868.ii5 69li 
Ethanol Extracted 8.U$ 1228 1233 
Elthanol Extracted & Irradiated 8,li5 1258 1266 
Control 11.95 983 991 
Irradiated 11.95 1287 1286 
Drawn & Evacuated 11.95 927 93h 
Ethanol Extracted 11.95 I26U 1272 
Ethanol Extracted i Irradiated 11.95 12U3 12li9 

^Each value is an average of I4OO breaks. 

ifiiYiia r 



T
A
B
L
E
 

V
I
I
I
 

B
R
E
A
K
H
C
 S
T
R
E
N
G
T
H
 S
T
A
T
I
S
T
I
C
A
L
 D
A
T
A
 

PE
CM
 S
IN

GL
E 
ST

RA
ND

 B
RE
AK
S 
OF

 I
RR

AD
IA

TE
D 
AN
D 
CO

NT
RO

L 
AE
dl
-l
OA
 C
OT

TO
N 
YA

RN
 B
RO
KE
N 
ON

 A
 U
ST

ER
 T
ES
TE
R 

br
ea

ki
ng

 S
tr

en
gt

h 
St
an
da
rd
 

fir
ea

ki
ng

 S
tr

en
gt

h
D
e
v
i
a
t
i
o
n
s
 I
n
 G
r
a
m
s
^
 

C
o
e
f
f
i
c
i
e
n
t
 O
f

T
w
i
s
t
 

C
o
n
t
r
o
l
 

Ir
ra

di
at

ed
 

V
a
r
i
a
t
i
o
n
s
 I
n
 P
e
r
 C
e
n
t
^

To
rn
s/
ln
ch
 

Ca
lc

ul
at

ed
^ 

I
n
d
i
c
a
t
e
d
*
^
 

C
a
l
c
u
l
a
t
e
d
"
 

I
n
d
i
c
a
t
e
d
"
 

do
nt
ro
l 

Ir
ra
di
at
ed
 

7
.
6
6
 

61
io

85
8 

6
1
.
2
 

88
.6
It
ii
 

8
8
.
2
 

10
„I
i7
 

8
.
1
3

8o
l;

5 
61

i.
li

ii
9 

61
i.

O 
9
3
.
7
1
9
 

9
2
.
0
 

9
.
9
9
 

7
.
7
6

9
.
0
7
 

66
.8

2i
i 

6
5
.i

i 
1
0
8
.
3
7
8
 

1
0
6
.
0
 

8
.
6
3
 

8
.
9
0

9
.
P
0
 

6
6
.
5
9
9
 

6
8
.
8
 

10
8.

09
li

 
1
0
9
.
0
 

8
.
1
9
 

8
.
8
8

1
1
.
H
i
 

77
.i
i6
0 

7
9
.I
i 

1
0
6
.
0
0
6
 

1
0
6
„
6
 

8
.
3
7
 

8.
1i
2

1
1
.
9
5
 

76
.1

i7
6 

7
8
.
8
 

9
8
.
0
9
8
 

1
0
1
.
6
 

7
.
7
8
 

7
.
6
2

1
2
.
6
9
 

7
8
o
2
6
U
 

7
9
.
6
 

1
0
5
.
6
0
5
 

1
0
1
.
6
 

8
.
2
1
 

8
.
9
8

1
3
.
1
7
 

8
l
„
0
l
5
 

8
2
.
6
 

1
0
6
.
0
0
6
 

1
0
3
.
8
 

8„
Ii
9 

9
.
0
7

H
i.
8
9
 

7
9
.
1
8
5
 

78
ol
i 

9
9
.
3
5
9
 

1
0
0
.
8
 

8
.
8
5
 

9
.
0
3

1
6
.
3
1
 

9
1
.
3
6
3
 

81
i.

6 
91

.5
ii

3 
9
3
.
2
 

1
0
.
3
8
 

9.
1i
5

1
8
.
0
3
 

9
3
.
2
6
2
 

9
2
.
8
 

78
.i
i5
0 

8
2
.
2
 

1
1
.
1
0
 

8
.
P
i
 

®E
ac

h 
va
lu
e 
wa

s 
de
ri
ve
d 
fr

om
 U
OO

 b
re
ak
 o
bs

er
va

ti
on

s.
 

^C
al

cu
la

te
d 
fr

om
 i
nd

iv
id

ua
l 
br

ea
ki

ng
 s
tr

en
gt

h 
re

co
rd

in
gs

 o
n 
ch

ar
t 
fr

om
 t
he

 U
st

er
. 

<
0
 

O
J
 

^I
nd
ic
at
ed
 f
ro

m 
Us

te
r 
fr
eq
ue
nc
y 
di

st
ri

bu
ti

on
 c
ha

rt
s.

 

1
 



� 

94 

z-t: 

TABLE IX 

BREAKING STRENGTH STATISTICAL DATA 
FROM SINGLE STRAND BREAKS OF AEdl-lOA COTTON YARN 

TREATED BI VARIOUS METHODS AND BROKEN ON A USTER TESTER 

Breaking 
Strength 
Coefficient 

Breaking Strength Of 
Standard Deviation Variation 

Method Of Twist In In Orams^ In 
Treatment Tums/lnch Calculated^ Indicated® Per Cent* 

Control 8.15 6a„Uii9 6U.0 9.99 
Irradiated 8.15 93.719 92.0 7.76 
Drawn & Evacuated 8.U5 51.081 61.6 7.89 
Extracted 8.U5 122.968 119.2 10.02 
Extracted & Iiradiated 8.15 9ii.978 96.1; 7.55 
Control 11.95 76oU76 78.8 7.78 
Irradiated 11.95 98.098 101.6 7.62 
Drawn & Evacuated 11.95 76.U57 68.U 8.25 
Extracted 11.95 120„U35 112.8 9.53 
Extracted & Irradiated 11.95 106.778 106.0 8.59 

®Each value was derived from UOO break observations. 

Calculated from individual breaking strength recordings on chart 
from the Uster. 

^Indicated firom Uster firequency distribution charts. 
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TABLE X 

ELOTOATION DATA 
mm SINGLE STRAND BREAKS OP IRRADIATED AND CONTROL 

AEdl-lQA COTTON TARN BROKEN ON A DSTER TESTER 

Elongation In Per Cent* 
Twist In "Control Irradiated 
Turns/inch Chart T5GT Chart "Eisr 

7066 7.62 7.50 7.27 7.13 
8.U5 7.23 7.15 7.50 7.itO 
9.07 8.U4 8.00 7.50 7.U0 
9.80 8.19 8.10 7clt8 7.it6 

II.II4 7.85 7.78 7.51 7.1iO 
llc9$ 8o25 8,08 7.U3 7.38 
12c69 8,51i 8.38 7.71 7.58 
13.17 8.66 8.55 7.68 7.55 
lit.89 7.70 7.60 7.62 7.58 
16.31 8.73 8.63 7.36 7.20 
18.03 9.31 9.13 7.U3 7.35 

^Each value is an average of iiOO breaks. 
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TABLE XI 

ELONGATION STATISTICAL DATA 
FROM SINGLE STRAND BREAKS OF IRRADIATED AND CONTROL 

AEdl-lOA COTTON YARN BROKEN ON A USTER TESTER 

Elongation Standard ~ ^Elongation Coefficient 
Twist In Deviations In Par Cen£^ Of Variations In Per Cent^ 

Control Irradiated Control Irradiated 

7066 0.561 7oliOO.U29 5.91 
SM 0.383 0cU70 5.30 6.26 
9.07 O.U70 0.U51* 5.82 6.06 
9.80 0.500 0.503 6.11 6.72 
11.m Oo5ll 0.530 6.51 7.06 
11.9$ 0.519 0.1;88 6.29 6.57 
12.69 0.6iil 0.U80 7.51 6o23 
13.17 0.633 0.5U3 7.32 7.07 
U.89 0.678 0.6m 8.80 8.05 
16.31 0.778 0.588 8.91 7.99 
18.03 0.908 0.687 9.76 9.25 

&Each value was derived from UOO break observations. 
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TABLE XII 

EL0M5ATI0N AND ELONGATION STATISTICAL DATA 
FROM SINGLE STRAND BREAKS OF AEdl-lOA COTTON YARN 

TREATED BY VARIOUS METHODS AND BROKEN ON A USTER TESTER 

Method Of 
Treatment 

Elongation 
In 

Twist In Per Cent® 
Turns/inch Chart Dial 

Elongation 
Standard 

Deviations 
In , 

Per Cent 

Elongation 
Coefficient 

Of 
Variations 

In , 
Per Cent° 

Control 
Irradiated 
Drawn & Evaciiated 
Bthanol Extracted 
Ethanol Extracted 4 
Control 
Irradiated 
Drawn & Evacuated 
Ethanol Extracted 
Ethanol Extracted & 

Irradiated 

Irradiated 

8.1i5 

QMS 
QMS 
QMS 

lie95 
11.95 
11.95 
11.95 
11.95 

7.23 
7.50 
7.22 
7.86 
7.61 
8.25 
7.U3 
7.91 
8.07 
7.9ii 

7.15 
7cU0 
7ol5 
7.80 
7.53 
8.08 
7c38 
8.03 
8.00 
7.85 

0.383 
0.U80 
0.572 
0.U70 
O0I452 
0.519 
0.ii88 
0.565 
0.ii7ii 
O.I475 

5.30 
6.70 
7.92 
5.98 
5.91 
6.29 
6.57 
7.II1 
5.87 
5.98 

*Bach value is an average of 1|00 breaka, 

^Each value was derived from UOO break observations, 
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t TEST FOR UBAH DIFFERENCE 

The following prooodure was usod in the oomparison of msansr 

t = (Xi -Xz)- (Pi - U2), 
■xi-*2 

with th® hypothesis Di - Ug a 0 indicating no difference in the means, 

t becomes - X2 

where, 

II - the moan of one sample, 

X2 a the mean of the other sample and 

with £ a the sim of the squares of X-^ and X2 respectively, 
therefore* 

t s -Xg) Mn-l) 
V Pooled £.x^ 

at the highest twist, the pooled £x^ a 6139 plus 8676, with 
n - 400 and a mean difference of 50.10 grams, so 

t s 50.10 /400(400-l) 
V 6139 + 8676 

t a 1:8.2219 which is signifioant to void the null 

hypothesis at the 99.99 probability level indicating a real difference 

in means. 
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Figure 32, Breaking strength versus base of Instron chart 
shoYring low twist control and irradiated yarns reaction to loading. 
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Figure 33, Breaking strength versus base of Instron chart 
showing optimum twist control and irradiated yams reaction to loading. 
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