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TI* COHCLÎ KDIIS • .̂  » • • • • » • • • • « • « % \ 42 

YIX» SSCC»lliimZ3ATI0KS r « . . . ^ • • • . . 1. « • » 43 

BIBUOGHAFHT • • • * « • . . , • • • . • • . « . • * . « 44 

Al̂ PEIQ̂ ZX I • 4» * i <b V » ¥ % > i»̂  % \ » '̂ % fr * % h » » » 49 

\ ^ 



v i 

JLXST or TABLES 

Table page 

1» The Effect of Soourliig on the Hate and Degree 
of Acetyiatlon, • * • • • * • • • , • 28 

2 . Physical Properties of Scoiared and Unscoured 
Cottons Selected for Bx|»erlBentation • • • • • • 28 

3« Average Percentages o l the CMnieat Constit«> 
uents of Scoured and Itascoured Cottons • • , • • 29 

4 . Spectrographic Analysis for Cotton Ash 
Constituents • • • • • • • • • • • * » • • • • • 30 

5* Physical Properties and Wax Content of 
Different Yarieties of Cottons * • • • S|l 

8. Wax Content and Rate and Degree of Acetylation 
of Different Varieties of Cotton Fibers • . • • • 32 

7* Cheaioal Analyses of Dnscoured Cotton fibers . • 50 

8. Cheaical Analyses of Scoured Cotton Fibers • • , 52 

9* Wax Deteralnation by the Nev Ethyl Alcohol 
Extraction liethod • • • • ^ • • • • • • • • • • • 5 4 

%a 

r | 



-' hi 

UST Of IIX0STBATIOHS 

Figure - •• ^̂  v-'/̂ -̂.:;:-; --̂  • ̂ . - .* .*. v 

1, ^^Efty M f f i n e t i o s Patterns dj See^re4 ftad 
Unsooured tfenphis Cotton • • • • • • « • < 

. * : ^ . . J. « • , ^f'-J 

2* X-Bay Diffraction pattern of Scoured and 
9n8COured fiipire Bale 92 Cotton • • • • 

8« X*Bay Diffraction Pattern of Scoured and 
tyscoured Loclkett 14^ Cbttoitf - | I * I • r 

| j \ | < . g ' ' : ^ ^ ^ 

39 

40 

41 

K 

' ^ • • • • • ^ 

t 
;. . 1-., • . . - - T- • I - , 

_. - . , . . , ... , , - ^„ ... , .„. , , . . . 4 , , V - ;„ ^•. 

* . * • ; . '- '^l,.ii:: t-'''t.]T''. •̂  J: : U:J^ * 1 =̂ 1. A ' i^t'i^iOi* * \ m. 

n*i ff^K'^'- f t i ' i ^ ' ^ s s . , r»f::*5 ^^.; | 

«••,( .•* ••:i-t 

k : •-:• t^. i» 



till 

A STUDY m tm RSUTK^NTSHIPS BBTiEB!! tH£ 

CHEMICAL CONSTITUENTS AKD THE HATE AKD DEGBEB 

OF ACETYUTXQH Of DXFFEBKKT VABIETXES Of COTTOK FIBSBS 

ABSTRACT 

# * In 

: T ^ ^aeioB 4i 1^s'£m^tigA|ip&^yi!^'4l|ei^ 

vtiether or not th«re iH Uny relationship between the ehealcal 

constituents and th« rate and degree of acetyiation of 

different varieties of cotton fibers. 

Three varieties of scoured and imsconred cotton f ibears 

were chosen -t€î iNi9ilî it''i wiM^ti^''ik0^ jjkkfiie'^tdi' 

and TSriabKw s i ^ Is satilrity* fiber fineness^, ritS m£4^^^ 

degree of acetyiation. 

four differSni analyses vere carried out on the 

scoured and unscoiirei eottdH iibers^ 

i: Ash^iaaiysM'^ '"^'^'' 

a. iofvtnf iDllMdtioa 

l'>.\ 

^ -. 

x2?..rcJ:.: <.i d#^^!^ t-.4 a .:4.4 

3. Alfh« ciiliuiose detersinationi ^ i ̂ ^̂  v.^., 

4. X-ray diffraction pattern escaainations 

In the ash analysis the per cent ash was first detemined, 

then subjected to sx>ectrographic analysis and the elesents 

determined qualitatitrely. 

In the solvent Extraction Analyses/a Itothlet ' ̂  

apparatus iras use4 io extract the cotton fibers with ehloro-

forsy benzene, ethyl alcohol, water, and glacial acetic acid 
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* *, 

respectively, Asaaoniiui oxalate extractions vere per|<|irM4 _ 

by the reflux »etho<t. The tiae of extraction was chosen to 

be four hours for each solvent used. 

JL recent sfthed of extraction «as itsed to <totemine 

the exact aaount of vax in different varieties of unscoured 

qotton fibers* 
it % '•»•••''"«• - •"• i*'i '"• 'i-'' .?, "I- \'t-1: 

n e jpattem oit ^km ewn^MXltvm nxA tmwlmm 
b - v " : ^ '•••!: ̂ , , 

«ere studied with the use of X-ray saohine. 

Fros the results of the experindntal work, it vas 

found that . . 
;̂ ',Ka* 

Ofi-l 

1, Hie ash content and ash constituents had no 

great effect on the rate and degree of acety:|ation« 

t« Solveat extiMtabie aKtenals had no great effect 

on the rate and degree of acetylation* 

3, Alpha cellulose content had no great effect on 

the rate and degree of acetylatioa. 

4, km far as the crystalline and aaorphous celluloses 

are concerned, m> difference had been found 

<|ualitatively between the cotton fibers vhetber 

scoured or unsecured* 

5, The analysis of scoured cotton fibers gave per

centages of the chemical constituents « excluding 

alpha cellulose - less than the unscoured saaples 

due to the fact that nost of the chemical iiq̂ urities 

vere removod by scouring* 

\i 



Nevertheless, it ims found that the ratios of the saoe 

chemical constituent within the three kinds of unsecured 

cotton fibers vere nearly the same coapared with those of the 

scoured cotton fibers• 

This means that scouring^ vhich reduced the differences 

in the rate and degree of acetylation of the cotton fibers, 

nay have caused s<»ne î hysieai cliyanges in thi fiber stm^ture. 

' Ihirit̂  scouring the fiber is made up acre porous, and 

the surface area of pure cellulose attacked by acetylation 

Is increased to a certain extent due to the breakdovn of the 

cheaicai iapurities but not necessarily reaovii^ them 

emqiletelyl This indreiftse is more pronounced in the aattire 

fibers than in the iraiature fibers. 
. * - - , • • * •:« r.-f' 

t' e. , it'y<- r J 

*K<'.- 4,U5:a-r€.;. 

i-.^ • :—• -1«" 'J :'s .^'.rt ^ •.̂' •Ci.f; c- A 

0,.' J" '-:.!?*:-. ft S!'' -r;f I t ̂  1.*..' 't •-:*^>s, ,!'«<•., 
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CHAPTER I 

INTRODlKn'ION 

Piirtial aeetylation of cotton fibers Is an Inportant 

method of aodifying cottoa cellulose by replacing SOBS 

hydroxyl groups by acetyl groups. The acetylsted «ottoa 

has the sase appearance of natural cotton but acquires nev 

properties such as resistance to Blldev, rotting and heat, 

Acetylatlon also red\]ices the hygroecoplclty of cotton fibers. 

Increases electrical resistance, and reduces the affinity to 
' " I 

sany direct dyes. (1) ' 

Stategent of the Problem.-»^The purpose of this investigation 

ipas to determine the relationship betiveen the chemical con

stituents and the rate and degree of aeetylatioa of different 

varieties of cotton fibers. 

Importance of the Study «-*-gince partial acetyiation produces 

desirable properties on cotton fibers such as resistance to 

heat, mildei9 and rotting, many researches are being under

taken In order to produce this fiber on commercial scales. 

One of the many problems involving partial acetylatlon is that 

different varieties of cotton fibers give different rates and 

degrees of acetylatlon vhen subjected to the same conditions 

during an acetylatlon process. (2) 
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This seans, homever, that ouch research work should 

be done on the chenical and physical properties of cotton 

fibers. 

It has been noted that when cotton fibers are subjected 

to scouring treatments, the rate and degree of acetylation are 

brought sore closely together and the differences are greatly 

MiniBiiased. (3) 

Therefore, a study of the cheaieal constituents of 

cotton fibers and their relationships to the rate and degree 

of acetylation nay be of some help in giving the clue as to 

what causes their differences* 

Method of Approach.*«The^ varieties of scoured and uniK^oured 

cotton fibers were chosen to represent a wide range of ̂ . i 

physical properties and variables such as •aturity, fiber 

finenessy tensile strength^ and rate and degree of acetylation. 

Four different analyses were carried out on Acoured 

and unsecured cotton fibers. r't 

1. Ash analysis of all fibers. 

2. Solvent extraction using ohlorofom^ beasene, ̂  

ethyl alcohol, water, glacial acetic acid and 

aamonius oxalate solution. 

3« Alpha cellulose content determination• 

4. X-ray study of all fibers. 

The results of these analyses were then studied in 

relation to the rate and degree of acetylation and with the 

maturity of the different varieties of cotton fibers, both 

scoured and unsecured. 

^ 
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CBAPTER II 

R£¥I£W OW THE LITEBilTURE 

Origin of Cotton fiber•-*^The English word "cotton" ia derived 

from the Arabic Kat&n or (Qutn, Kuteen), though it is claimed 

this nase originally denoted flax. (4) 

A knowledge of the origin and dOTelopaent of the 

cotton fiber is an aid in understanding its coaposition. 

Shortly after the cotton flower opens» the epideraal cells on 

the young seeds begin to grow and elongate, forsiag longi 

tube«-like cells with an ultiaate length 1000->4000 tines 

cross^aectional diaaeter. In about 18 days the cell wall 

starts to thicken and elongation practically stops. After the 

ball opens, in 50*60 days after flowering, the fiber is a dry, 

ribbon-like cell with a thick wall of cellulose. (5) 

Cotton requires fron 6*7 sonths of warm or hot weather, 

sunshine and aoisture. 

The long fine varieties take longer to mature. The 

mature fiber is picked as soon as possible after the balls 

open to minimize deterioration of the fiber by light and 

moisture. (6) 

There are three general types of cotton based on fiber 

length, fiber fineness, and geographical regions. 

Type (1) Long, fine, strong fibers 1 - 2«5 inches staple 

-J 



1 • 
# 

4 

Type (2) Intemediato ot soaevhat coarser 

1/2 > 15/16 inches staple. 

Type (3) Short coarse fiber 3/8 - 1,0 inch staple. (7) 

l^ysical Properties of Cotton.^""latw cotton fiber is « flattened 

tube, long twisted ribbon vith slightly thickened edges* 

The nimber of tvists or half convolutions in rav cotton fibers 

Tftrles nidely, Iwaature fibers are practically noneonvoluted, 

while tfiture fibers of the 8a»e variety say be highly con

voluted. Thin vailed fibers are often called isaature fibers. 

Cotton fibers are conposed of four distinct parts: 

1. Cuticle 

8. Priaary sail.- - . :'-:-,:iv .-.a-̂ i" 

\ 3» Secondary sail 

4* Luaen 

Cotton cannot be considered a unifora aaterial. Each fiber 

aust be regarded as as individual vith its own characteristic 

length, strength, fineness, etc. For this reason sampling 

methods ars extreaely ii^^ortant. (8) u r , , ^ •^r- -̂̂  

^ The cotton fiber is somewhat porous and consequently 

exhibits capillary effects to a high degree. The fibrils 

themselves are probably dense as a result of the crystalline 

nature of cellulose and are also nonporous* 

The crystalline part of the structure may constitute 

90 per cent or more of the fiber. (9) 

V 
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Chemical Properties of Cottoii,'^The chief constituent of 

cotton fiber is cellulose ranging frosi 88 -» 96 per cent based 

on dry veight* 

The variation in cellulose content of raw cotton fiber 

is due to soilf clinate, variety of cotton, and other factors 

vhich prematurely interrupt its growth. Lev cellulose con

tent usually indicates a high proportion of thin ittlled 

immature fibers vhich contain a high proportion of non«< 

cellulosic substances. Diverse values may be due also to 

uncertainty in the analytical methods for the determination of 

cellulose. (10) 

Cellulose C B 0 is a colloidal substance so that 
6 10 5 

its actual formula is iCQ^i(fi^}n, each unit having three 

hydrozyl groups. (11) :v •̂, 

Cellulose may be considered a straight chain of anhydro 

beta-glucose units vhose molecular neight ranges from a very 

low value to 450,000 or more vhich also might depend upon the 

source and previous history of the sample involved; (12) 

Alphay Beta^ and Gamma Celluloses, whieh are terms 

introduced by Cross and Bevan (1904) and by Jentgen (1911), 

refer to the fractionation of a cellulose by the action of 

sodium hydroxide solution of mercerising strength* Th# 

fraction which remains undissolved is the alpha cellulose, 

the beta and gamma celluloses being dissolved. Of these, the 

portion which is reprecipitated on acidification is called 

beta cellulosey while the gamma cellulose remains in solution. 

^ 
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The alpha ce l lu lose i s of sonfevhat the same order of 
•. 'i-;. 

resistance as noimal cotton cellulose^ vhile the beta 

fraction» insoluble in imter, is in a less dispersed condition 

than the gamiaa fraction which remains in solution. The 

estination of alpha cellulose has now becose a valuable method 

for analyzing all types of vood pulp and other technical 

celluloses. The values of beta and ganma fractioim have also 

acquired significance, e.g., in the aanufaeture of rayon and 

as an indication of bleaching treatsent in pulps. Their 

proportions are calculated for analytical purposci as cellulose, 

but they are not necessarily composed of cellulose at all, (13) 
t 

The cellulose chains of cotton fibers are densely 

packed and regularly oriented* In seme regions thm eltfiiiis 

have reached such a high degree of order that they fom 

crystalline regions vhich diffract X-rays in the sase nanner 

as aacrocrystals do and vhioh show niiserous other criteria 

of a high degree of order. 

These crystallites are saaller than the total length 

of the average cellulose solecule. This neans that the 

sane chain molecule nay pass through several erystalllne' 

regions. 

Between these regions the chain molecule will be in a 

so--called "amorphous region.** It must be understood, however, 

that amorphous regions are not necessarily all of the same 

degree of order. (14) 

k 
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A low degree of crystaXjLlnlty is proportioi^l with V 

increased extensibility! inereaaed aoisture regain, decreased 

densityI and increased cheaicai reactivity. 

It is precisely upon the degree of crystallinity that 

the chesieal reactivity depends. , It is the amorphous regies, 

of the cellulose fiber which is t\m reactive region. 

The teras "accessible** and **noiiacce88ible*' regions are 

ws^amllf jm>i^ pQi^r^Qt t|iaQ an̂ rphpiMi ̂ nd,ef:̂ Stalli||f,_l| %ĵ,.ti,;t 

discussion of ehesieal reactions. (15) , ^ , AI: 2 . 

There are two reasons for asking such a distinction, 

first 9 not only are the aaorphous regions accessible, but 

the crystalline surfaces are also. The ^coad is that ths.^ 

spaces between chains are larger in soas portions of tlMî ^̂ ^ 

lUMirphottS regioiis than in oth^Tf* Ja,s<>l? eî sef t|ftl^,w^|^ 

not be rooa enough for very large aoleeules to enter, so that 

certain aaorphous regions will not be accessible to aoleeules 

larger .than m certaiji sise. One corollary to this is that 

accessibility to saall particles, si^h mi water or hydr<]ipea 

ions, will be greater than accessibili^ te 4argf «K>l#eul^i 

such as acetic anhydri<^.| .H^ . ,^ 4̂f *t-̂ x̂ .:itn̂ î i, :.-s -̂t:-.-̂  

A cheaical aethod which has been studied in connection 

with crystallinity is the periodic acid oxidation. The 

accessibility to the reagent is not proportional with the 

degree of crystallinity. The nonaccessibility is higher, 

however, than the crystallinity as deterained by Z*ray 

aethods. (16) 

i 
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fron the chenloiil point Ot view the crjatmlltzed and 

uncrystalllzed substaneos are identical. 

It is found that beside very highly organized and 

conpletely unorganissed regions there are other regions haying 

an intermediate state of organization* (17) 

In conforaity vith a paper by Eess and oô -vortorSy 

eelXnlose fibers can b# transfomed into Sj^rexiaat^ly vholly 

aaorphous products by grinding in a vibrating ball nill^ and 

these products partly recrystallize on heating with vater. (18) 

X-ray diffraction analysis as a research tool for structure 

deterainations has t«o closely related fields of application. 

The first is concerned with the fora, properties p and three* 

diaensional arrangeaent of a tons and aolecules vithin a sii^le 

crystal; the second is concerned vith the fora, arrangeaent, 

relative aaount, and properties of crystalline aggregates in 

a polyorystalline Biaterial. 

froa the fact that cellulose fibers give eontinu<His 

diffraction rings ̂  a second iiq;H>rtant <itoduetioa aay be wmdmt 

the erystallinity of the fiber is discoatinuous• In other 

vords, a cellulose fiber is not a single crystal| it is a 

crystalline aggregate. 

The X-ray diffraction patterns aay be described and 

differentiated one froa the other in teras of the following 

characteristics: 

i .1 
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A* Nuaber of dittt^ctixm rlngs-'-^^i "'*1 *;*̂ :#». -̂ t̂ .̂ ^̂ i? 

. - ;„ .B« Dla»«tey ot ««eli-,rl»g^^'-#r* >:-:.-r, f r :̂if|A .̂-iT'• 

-> €» Conceatratlon of r lags into tuo or nore areas 

(orieBtatioB) 

l.«'.Viditli of'#a<sli ring -t*̂  ..-^t- -u-î  :...j •̂ .:f, n? •̂ i:fl>::.̂ a-;̂ , 

I . General so at tor log or baokgrou&df anori^ug 

.1̂  ... -' pattorn '̂ .̂ w/v'.̂ :-̂  '̂*̂  i.? ;hfa** .-••*? cu. i; -O^ #̂ '--̂ ĵ®v.| 

fbo aunl»o:r» 4iAtt9tor« aa<t jr«Xat%ttitot#iislt7 <i»t thA ^ i ^ r M t i o n 

rings ar# assoeiated vitit tho eryatal l iao stn^ture^ vlii io 

tho orleatatioQ and wMth of each diffraction ring and the 

general scattering are sore c lose ly associated with the f iber 

or aembrane structure*^ I t ^ s f r e a these s i x e h a r s e ^ r i s t i e s 

that the X r̂ajr inforsatiofi regarding v the s tracturesB^^ 

behavion of ic»eXJL«l€His filters mm% jia elrta^asd* 419 | | ^ f % e ^ 4 l ^ 

Cellulose Fiber Reactions•--Many of thf important ohesical 

reactions of ce l lu lose have a pronounced influence on the 

physieai and ehesieai properties of the f iber , yet they 

scarcely affect the X-ray diagram, m s indicates that the 

reaction i s iatercrystal i ine in nature and does not change 

the internal structure of the c r y s t a l l i t e . 

Other reagents say eompletely destroy the crys ta l l ine 

pattern» as» for example, vhen ce l lu lose i s oxidised s i t h 

periodic acid* No nev l ines are produced» but the original 

crys ta l l ine pattern becomes more diffuse as oxidation proceeds. 
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Vith alkaline hfdToxXde»^ fts a goneral vufg greater 

swelling is produced at lover tei^peraturee* At higher r; 

temperatures only partial avelling is obtained even with a 

20 or 30 per cent solution, (20) 

^ When eellulose is brought iato Gonta4|t with viM̂ iouA 

r^igents, there are several possible effects depending upon 

the nature of the reagent* It is possible that the reagent 

•ay werely pei^trate the i^ierooapillary stin^ture and iftUp 

the forces holding the oilorofibrils together so as to bring 

about a very liiiited swelling» or dispersion^ of the cellulose 

fiber. Other reagents way be able to penetrate into the wicro-

eapillary spaces | thus causing relaxation of the forees ' . 

holding the chain bundles and a deeper-^seated swelling* 

7t ir̂ -̂: Should the reagent bSj capable e^ ipê ietjiatiiii btt̂ iiya ̂ le 

chains of cellulose bundles theaselTWS and breaking the 

secondary valences» a very marked swelling nay occur which : 

iM^t extead ta eewplete diî persiî i* ^-^h^icf^f^t^- 'niife'li raM|iit1-\i j 

u^ t < In #11 cases of pe^tratiow of the eellulose wtrweturet 

It is obvio^a thî tf w%th eertaia veageatWg jNMt4oi vit]^ 

java liable hydroaeyl grofups wight take placW| ;4ir fweh reaetioas 

as hydrolysis or oxidation wight occur* Where penetration ; 

is limited to the nacrocapillary structure ̂  any reaction wcmld 

be limited to the chains forwing the surface of the aicro-> 

fibril. If penetration between the chain bundles takes place, 

the reagent could bring about a more coaplete reaction sin^e 

it could then react with the chains forming the surface of the 
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chain bundles« When the reagent is capable of penetrating 

betipeen the chains thesselves, the reaction should proceed 

to completion on all the se2>arate chains of the cellulose 

fiber. (21) 

The reactions of cellulose say be roughly classified 

into three nain divisions: 

1« Those which result in a swelling or dispersion 

of th# chaias without cloinge'iA ehettical aature* 

a» Those vhich result in a change la the average 

length of the chains. 

3. Those vhich bring about a complete change la the 

hydroigrl groups into esters or other groups* 

It should be recognised that no reaction belongs 

entirely te any one of the above groups but that all reactions 

partake, to some extent, of all three classes* 

In the third division| the type of reaction involved is 

that of a normal organic alcohol aad therefiire si^h reactions 

depend upon the alcoholic nature of the hydroxyl groups of 

celluloset Callulose should then be capable of undergoing 

esterificatioai etherifieation, or xanthation. (28) 

Eowever, in the case of cellulose, all of the hydroxyl 

groups are not readily available for reactions, as in the case 

of ordinary alcohols, since g^ny of then are bound by 

secondary valences to other hydroxyl groups of other chains. 

V 
i#s:. 
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Any typical ireftctlon of feelXulose can therefore only 

proceed ^o a degree, and at a rate^ depending upon the 

availability of the hydroxyl groups. Any reagent not able to 

penetrate betipeen the separate chains is not able to bring 

^ about a complete conirersion Init is limited by the degree of 

penetration. (23) 

partial Cheaical Perlvativea of Cotton.-»-11>e reaetiont of 

cellulose, as stated above, az^ usually thoM that take plice 

at hydroxyl groups, such as fomation of esters and ethers. 

Hence, the nev properties obtained »ay be due to blocking soise 

of the hydroxyl groups, thus interfering vith the norsal 

absorption capacity of cotton, or to the introduotioa of new 

I substituent groups* ,•...-,,. ̂̂  . , ..-,̂,-,.,..-. v.-... ,̂. 

I . , ' -̂ ' - • • • - ' - . 

Acetylated cottons are arailable coM#rciiilly cos* 
i 

talning 30 and 60 per cent of coabined acetic acid. At about 

30 per cent aeetylation all amorphous itfiterial and crystal 

I surfaces are believed to be acetylated while beyond thi#^ 

I point the reaction is believed to extend Into the crystalline 

I cellulose. <24) 

Impurities.—The natural impurities in the raw cotton consist 

chiefly of pectic matter, coloring matter, cotton wax^ 

albuminous matter, and inorganic salts. There is also a small 

amount of oil which appears to be identical with cotton seed 

oil, and is probably obtained tr<m the seed to which the hair 

was attached. The albuminous or nitrogenous matter in cotton 

k 
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18 very snail and probably eonitlsts of protoplasttie residue. 

Purified and bleached cotton cellulose contains no nitrogen. (25) 

Cotton Wax,-"-The crude wax siaterial extracted froa raw cotton 

^ fibers by chlorofortt, carbon tetrachloride^ or benzene is 

called wax. It may be classed with the plant cuticle waxes. 

Presumably most of the wax is located in the cuticle which 

lies on the outside of the fiber, but the difficulty of its 

removal suggests that at least part is located inslcto the 

fiber or bound to the cellulose. (26) 

The amount mf wax in native cotton is usually 0.5 per 

cent and varies according to tl^ type of cotton. The wax' 

appears to serve as a protective layer and resists wettingi 

hence» in the purification of ectton It is necessary to r 

remove the wax either by extraction with a solvent or more 

c<»nionly by boiling with dilute alkali. '(27) 

According to Guthrie, the usual alkaline kier boil to 

which raw cotton fabric is subjected prior to bleaching and 

4yeing does not rmKxvm all the wax. (28) f ; ; ^ t?̂  

Among a group of 62 essentially unweattered fiber 

samples from American tipland Cotton plants of different 

inherent and environmental background, per cent wax was found 

to be rather closely proportional to surface area per unit 

weight of fiber as determined by the air flow method of Sulivan 

and Hertel. (29) The weight of wax per unit of fiber surface 

was thus a relatively constant <iuantity, although not an 

absolutely constant one, among these samples. 
i 

I 
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I In general» a relationship exists between percentage 

of vax In cotton fibers and fiber maturity, and It is possible 

quantitatively to explain the relationship by relating the 

percentage of wax to the specific surface of the fiber 

I (surface area per unit weight) or the reciprocal wax per-

I centage to the amount of cell wall material per tinlt surface 

(average maturity)• (30) 

I Pectins .—Pectins, or Bttterials closely related to them, are 

i 
i often found with cellulose. Pectin in plants is not a single 
I substance but a c<»Bplex series of carbohydrate derivatives 

i containif^r galacturonic acid, associated with arablnosw and 

! galactoiM. It may exist either as the free acid^ or in the 

I form of metal salt, or as the methyl ester. Pectic substances 
j 

; are further divided into protopectln, which is water-insoluble 

I in the plant but is rendered soluble by treatment with water, 

I and salt solution. 

Pectic acid may be obtained by hydrolysis of pectin, 

i resulting in the complete removal of the methyl ester group. 

I In the plant cell wall pectin exists in the form of an in-

I soluble calcium salt, or the salts of other metals. (31) 

: Protein.—The protein occurs chiefly in the central cavity or 

I luB^n of the fiber. The nitrogen is readily removed frcw 
i 

cotton by bleaching. 
i 

I The total protein content of American cotton is 1.3 per 
I 

j cSAt and Egyptian cotton is 1.9 per cent. (32) 

I tT 
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Plgaent.»'»The coloring matter din cotton is thought to consist 

of tvo organic pignents^ one of which is readily soluble in 

alcohol and the other is dissolved only by boiling alcohol. 

The pigaent natter is found chiefly in the lusen, but is also 

in association with the cellulose itself• 

The coloring natter of cotton is not innediately soluble 

in alkaliy as air and light or chlorine are necessary for its 
i 

conplete reaoral* (3S) 
- " . • ' ' 

Ash Constituents*—The approxinate conposi 

cotton ash is as follows: 

ICgO 34 per cent 

: • 
cao 11 per cent 

i • -

MgO 
; ' 

0 per cent 

1 KSjO T per cent 

re203 2 per cent 

1 AljOs S per cent 

1 ' SiOj 5 per cent 

i 
8 ^ 4 per cent 

P2O5 

CI 

5 per cent 

4 per cent 

1 • C02 20 per cent 

Cu» Mn Trace 

: - iti 

Recorded variations nay be due to the presence of sand^ 

soil and dust in the cotton, to faulty isethods of analysis, 

and to variations arising fron soil, clinate, and variety of 

cotton, (34) 

i 
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Effect of Various Solvent* on Gottoo Fibers I i 1 - • f 

VBtte£»<*<-Bav cotton loses 1,4 - 4,2 per cent of Its dry i^ight 

when extmctea vlth imter at 20^ C« and sosevhat larger aaounts 

at higher teaperaturiks. 

The amounts of ash eonstituents, aitrogeoous sutotances 

and sugars extracted do not account for all of the «0ight loss 

of rav cotton vhen It is extracted vlth vater. This indicates 

that substances of an unknown nature are present in the imter 

extract. 

Other solvents like ethyl alcohol, chloroform, carbon 

tetrachloride, etc, have different effects from water* (35) 

After extraction with alcohol, cotton yarBSy i^ea 

subjected to distilled water extraction» yielded a laripe 

amount of extract. 

In the dry state the extracts ajce ef browa coler|̂  

similar in appearance to the alcoholic esitracts* They ajî  not 

so hygroscopic as the latter, nor do they reduce Fehling** 

solution so readily. Like the alcoholic extracts, they are 

faintly acid to litmus. The proportion of mii^ral matter 

was found to be even greater than in the alcoholic extract. (36) 

Alcohol.--^fter extracting raw cotton fiber with benssene then 

subjected to extraction with alcohol, the extracts consisted 

of amorphous brown very hygroscopic substances, which exert 
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a powerful reducing aetioa ph iehllng*e solution* They are 

faintly- acid to litmus and contain high percentage of oineral 

matter. (37) 

Chlorofors and Benzene •--Hot chloroform is used for the 
mmmmmmmi-mammimmitmmmmmmmmmm^mmmmmmmimmmmmmmmmmmi 

extraction of the fat , imX| and resinous matter, 

%̂e jE îroperties df the ejctrabti^ obtained vith hot benssene 

shov scmewhat difference from chloroferm extract. Chloroform 

i s r̂ coiffiBiended for WAX deteralnatien, (38) ^4 ^r;tif -̂  

Ammoniiua Oxalate Solution.-^Hot ammonium oxalate or citrate 
« I mmmmmmmmmfmmmmmmmmmmmmmfimmmmmimim'mmmiimmmmimmmmt 

solution is used for the extractions of pectin from the 

cotton fiber, (39) 

Ammonium oxalate selittioa extracts mKirlfiill p^tiQ 

sutmtances vhieh form most of the impux'ities is cotton fibers* 

Glacial Acetic Acid.—It is considered that glacial acetic 

acid itself is a spelling agent for eellilQse. On acetylation 

in the presence of benzene it ipas found that cotton vhich had 

been presvollen vith 200 per cent its veight in glacial acetie 

acid reacted about ten times faster than tiithout pr<!i-

treatment. (40) 

Organic acids, such as acetie acid, by Tirture of their 

lov ionization I have much less action on cotton than inorganic 

acids, but acetic acid at O.IK, or about 0.6 per cent, caused 

five per cent tendering in 15 minutes at 212^. (41) 
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The Effect of Scouring on Raw Cotton yibers.^^Tho action of 

boiling sodium hydroxide solution serves to saponify the 

vaxes and fats. By using soae detergents the ispurities vill 

he emulsified and i^intained in a dispersed state during the 

scouring and washing• (42) 

Acetylation >̂ -An examination of the cellulose formula shows 

three hydroxyl groups free to r^ict in each glucose residue. 

By virtue of their positions In the residue and their primary 

and secondary natures, it might be expected that they would 

show significant differences in reactivity• (43) 

However, in acetylation reactions it appmirs that there 

is no difference in the functional value of the hydroaiyl 

groups 9 but rather that tl^ir physical aecessiblllty in the 

fibrous structure deteraines their preference for reaction. (44) 

._̂,t .,.,̂  

1 



CHAPTER III 

IKSTRUIEKTATIOH AHD EQUIPlOafr 

Soxhlet ExtractiOQ Apparatus* 

Reflux Extraction Apparatus* 

ARL - Dltert 1*5 Meter Qtmtlag Spectrograph, 

Forced Circulation, Electrically Heatad Oven, 

Muffle Furnace, "Multiple Unit**, Type 62. 

X«'Ray Machine, North Aaierican Philips Co,, Inc., New York, N.Y. 

Type 41000. 

Acetylation Machine.-^-Morton onef*>|̂ und package 0yeing iHLchine 

Bodified vith cooling deyices for aeetylati^* 

Analytical Apparatus.-^Standard laboratory equii»ient such as 

platinum dishes, Srlenseyer flasks, beakers, pipettes, 

veighing bottles, separatory funsels, desiccators, 

vater bath, and analytical balances nere used* 

List of Reagents Psed.«M> 

Chloroform. 

Benzene. 

Ethyl Alcohol, 99%. 

Amnoniua Oxalate Solution 0.5%. 

Glacial Acetic Acid. 

Sodium Hydroxide Solution 17.5%. 

Ihiponal RA 1%. 

k 



TetrasodluB PyrophoBphate 1•8%• 

Acetic Anhydride« 

Perchloric Acid 60%. 

Diphenyl Fast Red 5BL Suprft I (Qeigy), 

Chlorantlne Fast Green MU0 (Clbe)• 

Standard ChenicaX XAltoratory Beagents* 

M m 
- f 



CHAPTER XT . 

EXFERIMEKTAL ]?ROC£DI}K£ 

I ^ Three v a r i e t i e s of cot ton Xibere *<»- Mesphis^ Supire 
t • : 

! \ 

. Bale 92I and Lockett X40 — were 6electe4 for analyses. 

These vere chosen to represent a vide range qt phy§U»l 

properties and behavior toward acAtylatioa* ,:f -sr^v ^s^ -
The moisture content was detemined prior to analysis • 

1 
! ... • 

IBiturity,-»«'Tfae per cent Maturity of each variety of raw cotton 

fibers was detendlned by the Southern Hegional Besearch 

I Laboratory by the caustic swelling sethod* The results are 

shown in Tables 2 and 5* Anotl^r sethod to ̂ teraine aiaturity 

is the Differential I^e Test aethod* In this sethod, nature 

fibers are dyed a red color while the imtfiture fibers acquire 
I a greyish-green to distinct green color. ., , . 

I Scouring ««̂ A one<*pound packagH dyeing sachine suteequently 

I used for aoetylation was used for scourixig all cotton saaples. 

8«wenty-five grams of eaeh variety of the cottm fibers were 

i 
placed in separate lasrers in the cylindrical reaction chamber 

j 
of the machine* Each layer was separated from adjacent layers 

i 
I by circular stainless steel screens which allowed free passage 
j of the scouring liquor, but prevented admixture of the 

I different cottons* The cottons were scoured using 1 per cent 

Duponol RA and 1*5 per cent tetrasodiun pyrophosphate at 

212 F. for thirty minutes. (45) 

•g^-
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Aeetymtlon .«̂ -The raw and scoured eottoa fibers uere acetylated 

in the one-pound package dyeing s^ehine* (46) ¥k«t eettoa 

fibers vere first presoaked in glacial acetic acid at roora 

temperature, then acetylated by using a mixture of three parts 

of glacial acetic acid, one part of acetic anhydride, and 

0,15 per cent of perchloric acid catalyst* 

After the reaction had continued for ti^ specified 

length of ti»e, the aeety luting regents nere drained i aild the 

saaples vere then isashed in ivater and dilute asosioniuiB hydroxide 

until neutral. These samples were then dried And brought to 

standard conditions at 65 per cent relative humidity and 

70**F, 

Th# icetyl contents of scoured and unsecured cattons 

were determined, (47) The results are shown ia Tabl* t̂ ^̂ ^ 

Ash Determination,—An exact weight of dry cotton fiber — 

ims placid ia a platinum dish and between 5 -10 iprams 

ignited gradually in an electrically hotted muffl* fimaee. 

The aiding was completed by heating in the furnace to a dull 

red heat* Finally tha disl̂  and contents were cooled in a 

desiccator and weighed* The results were ̂ Iculated on the 

percentage of the dry weight of the cotton used* (48) 

Analysis of Ash,—The ash samples were dissolved in 0,1K 

HCl and the solution of each sample was evaporated on pure 

copper electrodes. The sample was then esroited by the use 

of a high voltage spark. The spectra, which were produced by 

i 
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« 1.5 meter grftting tspectrograph, vere photographed on 35 »»« 

flla. These films wsre tl^n exftaiined for the llnea of the 

elements. (49) From these lines the elements found in the 

ash vere reported as trace» «eak| fair» or strong. „v ̂  ... 

Extraction Analyses 

Soxhlet Extraction,^«>Aa exact weight of about fiTS grams of 

the dry cotton mmpl0 vas placed la a thimble la the extraction 

tube9 and the solvent to be used ims placed in the flask. On 

heating, the vaporized solvent passed up through the vapor 

tube and «as condensed to a liquid in the condenser from vhich 

it dripped doirn on the temple in the extraction tube* then 

enough solvent had eondenaed aad fallea oa the sampls to fill 

the extraction tube up to the t^ of the siphon ̂  it sipboiied 

over into the flask and the cycle repeated again. While the 

solvent was in contact with the sample, it dissolved soms of 

the impurities which passed down into the flask. Aaother lot 

of pure solvent then condensed and removed more impurities. (SO) 

The kind ai^ awmnt of iiMmrity etxti««ts4i iiepmaisd w 

the kind of solvent used. By this method the solvents used 

were water, ethyl alcohol, benssene, chloroform, and glacial 

acetic acid. 

The time for extraction was chosen to be four hours, 

at the end of which the contents of the flask were removed 

and the solution was evaporated to dryness, then placed ia 

k 



the electrically heated oven at |i temperature of 200rS]lO^, for 

tvo hours to insure couplete drying* Finally the flask^ which 

had been weighed before extraction, and the impurities were 

cooled in a desiccator and weighed* The res\at ims pftlculated 
"t 

to percentage of the dry wel̂ ĥt of the cotton used. , . v ^ 

• -•'• ' • ' • i ' • . ' • , • . t. • 

Alcohol Extraction l^thod*—(51) An exact weight of around 
II • I I «»»^—«»»»»ii-««»Mii<|M«»i«ii'MllM»«»M»»<»«M»»«»'»««»»"M»«M«» 

five grajî  of the cotton sample was placed in a codirse thimble 

in a large Soxhlet extraetor. About 250 ml* of $5 per cent 

ethyl alcohol w^m added to the extraction fladk and the 

temperature was adjusted until the liquid siphoned over at 

3 -* 4 minute intervals* The extraction was continued for six 

hours at the end of which the alcoholic extract was transferred 

to a 500 ml* separatory funnel* 1%e Soxhlet flask was washed 

with several 9 ml* portions of hot 95 per cwnt ethyl alcohol 

and additional mleohol was added to ŝ Oce -the final volume 

100 ml* Ona hundred ml* of pure jshloroform wnm added IM^ the 

separatory funnel and the solution mixed thoroi^t^y« feviiftty-

five ml* of distilled water was added to the aicohoi--chIoroform 

solution and agitated s<imewhat to cause mixing and separation 

of two distinct layers, the chloroform layer being at the 

bottom. The two layers were allowed to stand overnight for 

complete separation* The chloroform layer was drawn off and 

set aside in a 250 ml* Erlenmeyer flask. A fresh 50 ml* of 

chloroform was added to the separatory funnel^ agitated gently, 

and allowed to stand overnight after which the chloroform was 

gp'\. 

i 



dravn off again. The ohiorofora solution vas imshed onc# 

with distilled water in the separator^ funnel. When separa

tion ims completed the chlorofora layer was drawn off into an 

Erlenmeyer flask* Two B ml* portions of fresh chlorofpm 

were successively added to the separatory funnel^ shaken well^ 

allowed to separate, and drawn off each in turn into the 

Erleojsieyer flask containing the aain body of ehlorofoxni 

solution. The chloroforsB ims resoTed from the flask by 

evaporating in tared 100 al* beakers on a steasi bath. After 

dryingy the wax residue was cooled in a desiccator and 

weighed. The weight was calculated as the percentage of̂  the 

dry weight of the original cotton used, 

Beflux 35xtractio&,«^ln this Method a reflt̂ c apparattsU litttî  

used instead of Bozhlet apparatus. The cotton sasple was 

placed in the flacdc with a sufficient asiount of 0.5 per cent 

auBoniua oxalate iKilutioii and refluxed for f^tr hmmm lit the 

beii. The eotttm wam^l& imn then taken out of tbB flask and 

washed thoroughly with cold distilled water^ »qiueea;ed« dried 

In the oven 9 cooled in a deslc^itor, and welgl^d. The weight 

lost was then calculated to the percentage of the dry weight 

of the original cotton uswd. 

Alpha Cellulose Petenrtination.—An exact weight of about three 

grass of each cotton fiber under investigation was eovered 

at 20^C. with 35 si. of carbon-dioxide free soditoi hydroxide 

l-
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solution i&ade up to contain 17*5 gzass ot the base in 100 grans 

of solution, (52) A total of 40 ml. store of the alloili n^s 

added in 10 ml. volumes over a period of ten ninuteSp during 

iihich time the mass nas occasionally agitated vith a glass 

rod. After a total merceri»atioa time of 45 minutes» 75 ml. 

of distilled i^ter vas mixed thoroughly into the mass, vhich 

las promptly filtered through a Qooch crucible and nashed vith 

750 ml. of distilled litter at 2 0 % . The mat of alpha eellulose 

on the Gooch crucible vas then soaked for ten minutes in 10 per 

cent acetic acid to remove absorbed alkali and «as finally 

gashed quite free from aoid mith distilled lAter* The isttmple 

vas then dried in the oven for ovemi^t at a t^aperature of 

exactly 105^C. After cooling in a desiccator and xmXgbliB^,^ t 

th9 weight upas calculated to percentage of the dry vei^t of 

the original cotton fiber. ,̂ -^ % i 

X-̂ Bay Diffraction Pattern.—In these studies a flat-piate 
II II iniiiiii | i f i II • • miiiTi III I M i l M l i i i i i n w i i i p • ! 

d i f f r ac t ion camera vm.B used. (S3) A copper anode vas used 

and the X'^ray s^chine xms ofpert^trnd a t W k l l o v o l t s a i ^ 

20 mil l iamperes . The col l lmat ion "vas provictod by tvo pinholes^ 

the second being 0.025 inches in diaiaeter. A bundle of cot ton 

f i b e r s of the order of 2 mi l l imeters in diameter vas placed 

over the i^cond p inhole . The photographic p l a t e vas placed 

approxiBiately 5 centimeters from the specimen. The ex-

p e r i i ^ n t a l arrangeiaent ^i^s kept fixed for a l l samples. 

Exposure time for each sample vas approxistfitely tvo hours . The 

developing procedure for the var ious f i lms vas the same. > 

S ^ * l : 
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RESULTS AND DISCXJSSXOK (XP RBSHLTS 

Each cheaical analysis vas dons In duplicata. The 

individual result of each trial and the average are shown in 

Tables 7, 8, and 9 of the Appendix. 

The varieties of cotton fibers used for imx, pectin, 

ash, etc,, analyses were Ifeaphiŝ  Eapiz^ Bale 92, and Lockett 

140* The other cottons, Acala 4-*42 (Greenville, Texas), 

Acaia 5675 (Florence, S. €•)» Coker lOOW (feslaco, Texas)^ 

Coker lOOW (Florence, S» C»)» Sea Island(St• fiaoent), and 

Sealand 1 47->295 were used for the exact detersination of wax 

by the alcohol extraction iiethoif. 

The svunnary of the physical and eheaical analyses of 

scoured and unsciiured cotton fibers ua^r iinrestlfaticm are 

shown In Tables 1 through 6 on the following page** ; 

Sffect of Scouring on Acetylatioa.*-"'The results ©f aeetylatioa 

ftre presented in Table 1, page 2d« (54) 

In Table 1 it is also shown that scouring prior to 

acetylation tends to reduce the differences in the rate and 

degree of acetylation of the different varieties of cottons* 

An examination of the SO-ainute acetylation of the unsecured 

cottons reveals a variation in acetyl content such higher than 

that of scoured sastples. This increase in the rate and hence in 

the degree of acetylation was true for all scoured cottons 

lunder investigation. 

^ • * ; 
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Table 1. The Effect of Scouring on the Bate and Degree of 
Acetylatlon of Various Cottons 

Per cent Acetyl after acetylation at 64^. forj 
Cotton 30 minutes 60 minutes 90 minutes 

Memphis Unsecured 14.0 19.5 23.5 

Scoured 18.S 20.8 26.1 

Empire Un£̂ oured 
Bale 92 

Scoured 

8.0 

16.3 

13.5 

tO.9 

18.8 

24.8 
f--

Lockett Unscoured 
140 

Scoured 

6.3 

15.6 

10.8 

19.8 

13.5 

24.4 

Table 2* Physical Pro^rtles of Scoured and Unscoured Cottons 
Seliictfd for E3cper|jMî tatioii 

Cotton 

mOBt* 
UEiturlty 
(Per Cent) 

fiber 
fineness' 
(Mlcronaire 
Beading) 

Strength 
(Pressley 
Index) 

Mes^hls Unscoured 38 

Scoured —* 

Empire Unscoured 72 
Bale 92 4 

Scoured -^ 
Lockett Unscoured 92 
140 

Scoured ~ 

2^45 t*15 

2.50 6.98 

3^f0 7.30 

8.71 6.80 

5.67 7.51 

5.65 7.13 

^Data furnished by Southern Regional Research iiai>oratdry. 

I 



m 

o 
o 
•o 
I 

i 

t^Ji 0 4^ 
« + * H K 

6 P 
Ofsl! 
A O M 
U%*W 

! 

22 
OiiH 

•<4« 

<o 
tt 

w 
« 
fH 
J^ 
m 
H 

0 
O 

•M 
4* 
O 

rH 

(0 

s 

CO W 

^ 

s 

o 
• « 

to d 

0) 

Id 

C3 

Ci 

to 
* 

s 

s 
* 

99 

00 o ri 
^ «0 ^ 
• t f 

o m O 

€9 

« • 
v^ O 

d 

C4 to 

§ S S 9 H tf) 
lO (0 

f • 

o o 

CO o 
CO 

o 
to 

00 
CO s »-* 

CO 

« to CSI 

19 or 00 
0* m s 0» 

00 
to s <0 s t*-

• » • • • • 
o o o o o O 

•0 •0 •0 
o 
(4 

•a z •0 2 •d 
p t p Q) P o 
0 t o ^ 0 (̂  
o 
OQ 

o s p 
0 S p 

0 
P ji d 

D 
V 
tn 

P 
D & 

A Ŝ  
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Table 4. Spectrographlc Analysis for Cotton Ash Constituents 

Cotton Variety 
"̂  l̂ nscoored ; scourea 

kapire ijockettt sapire Locicett 
Eleaent Meaphis Bale 02 140 {itoiphis Bale 92 140 

Calcius #f ..# f m 8 m 
8trontii» - f f t 

Alualnus t w' ' w . w 

Potassiim t w «• - - •• 

Sodiim ff f t f t • *; * . ! . 
•.••»' i 

jmgtmmlvm ;<• f f f- f f- >.i 
8ilocoa W^ ... , .-fi-. ̂  •»- » w - • • ' w 

Boron ^l-..,-^..._^-..._1fc^.-^--.-- „V-. - 'l- -----t- •-̂ ~ 
1 -- " 

-.-..»> 

Phosphorus t 
1 ' i.'-, : • '• 5 

*8« stroxMT; fs fair; %s «eak} ta traeei -s not found 

l̂  
#9*',:. 
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Effect of Physical Properties.-^-giber fineness and fiber 

strength determinations of Heaphis^ l^ire Bale 92^ and 

tockett 140 cottons were reported by Holloway. (55) Table 2 

reveals that there is a considerable difference between the 

unsecured cottons in nattiritŷ  fiber fineness, and strength. 

After scouring the cotton fibers^ there «as no appreciable 

change in the fiber finex^ss nor in the fiber strength* 

Ash Content and Ash Constituent.—In the iicoured eottos 

samples the ash content vas reduced in all the three cottons 

under examination, but still there was a slight difference 

between then* Nevertheless, the rate and degree of acetylation 

of these cottons as shown in Table 3 were brought closer 

together by the î ôuring treatment • 

Analysis of the ash of both scoured and unsecured 

cottons — Memphis, Sitipire Bale 92, and'Lockett 140 — by the 

spectrographic method showed slight difference in the eles^nts 

present as indicated in Table 4. Unsecured cotton Memphis 

shows some traces of almiinum and phosphorus in addition to 

the elements found In the other two cottons, ]l^ire Bale 92 

and Lockett 140* Scoured cottons, however, showed the absence 

of potassium which nrnst have been removed by scouring. The 

amounts of sodium, magnesium, silicon, and boron are not 

changed after scouring but a new elec^nt has been added which 

is strontium which may be due to the scouring ingredients. 

Scouring appears to increase the amounts of calcium and 

aluminum. This increase may possibly cone from the scouring 

ingredients. 



These results indicate^ tl^t the constituents found in 

the ash say have no gz^at effect on the rate and degree of 

acetylatlon. 

Solvent Kxtractions»-»-TOe average results of the solvent 

extractions of scoured and unsecured cottons under examination 

are sumiaarized in Table 3. These extractions vere laade on 

cotton fibers by using chlorofom^benzei^i 95 per cent ethyl 

alcohol« distilled vater, 0,5 per cent asmoniua earn late ' 

solution^ and glacial acetic acid. 

It is shown that chloroform and benzene extracts have 

the lovest percentages compared vith the other solvent ' 

extracts. Their ezti^cts are composed of mostly irax and some 

fats and resinous matiter. Bthyl alcohol extracts not only 
» . . . . • 

imxy fatSf and resinous matter but also all the reducing sub

stances. This extract is faintly acid'to litmus and contains 

a high percentage of mineral matter giving a percentage higher 

than both benzene and chloroform, later removes most of the 

substances soluble in alcohol and some more mineral matter 

insoluble in alcohol. Ammonlxm oxalate solution extracts 

nearly all pectio substances vhich form a great part of the 

impurities in cotton. Glacial acetic acid gives the highest 

percentage of extract compared with the other solvents. 

Scouring treatments reduce the amount of extracts of 

all kinds of solvents as shown in Table 3^ but the ratios of 

the saa^ extract within the three kinds of the scoured cotton 

#??«.. 
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fibers are nearly the sasie coajmred vith that of the unscoured 

cottons. "Therefore, it appears that these extract^ble 

materials do sot play a great role in Bininiscing the dif

ferences beti^en the rate and degree of acetylation of these 

varieties of cotton fibers. 

The exact aaount of nmx of the original three varieties 

of raw cottons and six other varieties iiere determined by 

the new ethyl alcohol extraction nethod. The ethyl alcohol 

reiBoved all the wax from the cottons along with the other 

reducing and nonreducing substances. The ethyl alcohol 

extract vas again extracted by the use of chlorofom in the 

presence of distilled water so that all the i^x was tx^ns-

ferred to the chlorofora layer, and by draining the 

chlorofom layer and evaporating it, the wax was detemined 

(juantitatively^ 

The average results of wax content and the physical 

properties of the cottons extracte<l t>y the new alcohol-

chiorofom aethod are shown in Table 5. It is shown that 

cottons, Msiiphis, Empire Bale 92, and loctett 140 have higher 

percentages of wax compared with the ordix^ry method applied 

by chloroform extraction which is shown in Table 3 as 

(Chloroform Extract). The reason is that in the ethyl 

alcohol extraction method all the cotton wax is extracted 

and also the time of extraction is six hours while in the 

ordinary method it ims chosen to be four hours. Nevertheless, 

the ratios of the wax percentages by this method within the 

three cottons are n^irly the sai^ as compared with that of 

Ithe chloroform method. 



There is a considex^ble decrease In WSLK content 

between Memphis, Enpire Bale 92^ and Lockett 140 cottons 

respectively corresponding to an increase in matiirity, fiber 

finenessy and ]?ressley index* 

These results of exact wax content are valuable when 

used to detensine the aaturity of cotton fibers of the same 

variety. ^ 

An examination of Table 5 reveals that both Acala 4-42 

(Greenville, Texas) and Acala 5675 (Florence, S, €•) cottons 

are of the same variety;» and it is shovn that there is some 

increase in ijax content corresponding to a decrease in 

laaturity and fiber fineness • The same could be said about 

cottons Coker lOOf (Wesiaco, Texas) and Coker lOOV (Florence, 

S.C.) since both of them are of the same variety* 

As discussed before, the more immature fiber yields a 

higher acetyl content when acetylated. Sc<Miring greatly 

reduces the differences in acetyl content between the three 

Varieties of cottons ̂  Ifen^his, Empire Bale 92, and tockett 140. 

For this reason a maturity test was made on the scoured samples, 

lemphis and Lockett 140, to determine whether maturity test 

was affected by scouring or not. The test was made by the 

differential dye test method which showed that maturity was 

not affected by scouring* 

^ 
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Alpha Cellulose•—^The dlfferehce In alpha cellulose content 

between the three varieties of cottons, ̂ mphis, Eapire 

Bale 921 and Lockett 140^ whether scoured or unscoured, is 

rather small as shown in Table 3. Scoux^d cottons show 

slightly higher percentages of alpha cellulose oonpared 

with the unscoured cottons due to the fact that some of the 

ispurities are reaoved by scouring. It seeas that alpha 

cellulose does not play a great role in regard to the rate and 

degree of acetylatioa* 

X-Bay Diffraction Pattern,—It had been observed that, while 

the reactivities of the three varieties of cottons Meaphis, 

£iBpire Bale 92, and Lockett 140 before scouring were 

different, scoured samples had reactivities which were sore 

nearly the sasie as observed by the acetylation results. The 

purpose of the X-ray studies was to determine whether this 

effect was related to easily observable changes in the 

diffraction patterns of tbe three kinds of cottons both 

scoured and unsecured* The photographs of the X~ray films 

of these samples are shown on the following pages* 

The variation in the amount of diffracting material in 

the various samples plus slight variations in exposure time 

and developing procedure caused some films and photographs to 

be generally darker than others. Relative intensities i«ther 

than absolute intensities must therefore be considered in 

examining the photographs. 
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The folloiiing characteristics of the diffraction 

patterns are related to the fiber structuret number, 

dianeter, and reXatiys intensltsr of the diffraction rings| 

concentration of ths rings into ares; diffuseness of the 

rings and aoount of the general scattering* Changes In 

these characteristics iKould indicate changes in the fiber 

Structure, 

The fllias had been ê cetmined qualitatively before the 

photographs were madSi and no changes had been observed. 

i/-. 
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Unsecured 

Scoured 

Figure 1. X-Ray Diffraction Patterns of Scoured 
and Unsecured Memphis Cotton. 
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Unsecured 

Scoured 

Figure 2, X-Ray Diffraction Patterns of Scoured 
and Unsecured Empire Bale 92 Cotton. 
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Unsecured 

Scoured 

Figure 3, X-Ray Diffraction Patterns of Scoured 
and Unscoured Lockett 140 Cotton. 
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CHAPTEB VI 

CQSrCZiUSIOKS 

1. It was found that the amount of ash and ash 

constituents had no great effect on the rate and degree of 

aeetylation of the different varieties of cottons. 

2. The data indicate that solvent extractable 

materials have no great effect on the rate and degree of 

aeetylation* 

3* It was found that maturity tests were valid for ̂  

both scoured and unsecured cottons, 

4, Alpha cellulose content apparently has no great 

effect on the rate and degree of aeetylation* 

5. The X-ray diffraction pattern pf both scoured and 

unsecured cottons shovs no distinct diffeirences which 

indicates that scouring ti^eatment does not affect the pattesm 

of the crystalline cellulose of the different varieties of 

cotton fibers, 

$• It is concluded that scouring treatment may have 

caused some physical changes in the fiber vhich make it 

more porous by breaking dovn the impurities without 

necessarily removing them completely. Hence, the surface 

area of pure cellulose is increased giving a better chance for 

cotton to react with the acetylating reagents. This increase 

in reactivity is more pronounced in the mature fibers than in 

the immature fibers. 

i 
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CHAPTER VII 

BECOMMENDATIONS 

It is recosonended that this investigation should be 

carried out on a greater nusiber of cotton varieties to give 

Bore definite conclusions. 

further study of X-ray analysis is recorasended. The 

qualitative study vhich has been siade in this investigation 

by no means precludes the possibility that observed changes 

in reactivity are related to changes in fiber structure• 

Hovever, a sore quantitative atethod seeats necessary• This 

study tK>uld involve a acre satisfactory aethod of saaple 

preparation and photoaeter measurements of films. This 

would require more time and accuracy than' the qualitative 

B^thod used in this investigation« 

It is also recoamended that physical properties 

should be thoroughly investigated on both scoured and un-

scoured cottons^ especially those investigations which could 

tell whether or not the surface area of pure cellulose has 

been increased by the scouring treatment* 

i 

• 
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Heuser, E., op.cit., p. 40. 

Heuser, E., "Factors Which Influence the Kinetics of 
Cellulose Reactions," Textile Research Journal, 
2O1 834. 1950. 

Blandin, op.cit., p. 18. 

Ibid., p. 4. 

Ibid., p. 5. 

Griffin, R. C , Technical Methods of Analysis, 2d. ed.. 
New York: McGraw-Mil 
London, 1927. 936 pp. 

New York: McGraw-Hill Book Co., inc.. New York and 
aalyc 

7fm 
A Special Report by Spicer, W. M., Professor of Chemistry, 

Georgia Institute of Technology, May, 1953. 

Skinkle, J. H., Textile Testing. Brooklyn: Chemical 
Publishing Co•, Xm:•, i94l>• 353 pp. 

Conrad, C. M., "Determination of Wax in Cotton Fiberii, 
A New Alcohol Extraction Method," Industrial and 
Engineering Chemistry, Analytical Bdi t ion/ 16; 745-8, 
1 9 4 4 . 

^^'^t op^cit*. Pi 130. 

This work was performed by the X-Ray Laboratory of the 
Engineering Experiment Station, Georgia Institute of 
Technology. 



48 

1(54) Blandin, op.cit,, p. 31. 

(55) HolXoimy, B, Q*, "A Comparison of the Physical 
Characteristics of Partially Acetylated Cottons," 
Master's Thesis, Georgia Institute of Technology, 
1953. 



Appsmix 

JIB 

. \ » ' " / 

M 7 > 
' n 

/o n v 



I 
/ 

Table 7. Chemical Analyses of Unscoured Cotton Fibers. 

lULacI of 
Test 

Cotton varlet 
Uenphis Empire I^U 92 •fee kett 140 

Moisture 
(per cent) 

7.00 

7.00 

Average 7.00 

Ash 
<per cent) 

0.870 

0.860 

Aversge 0.865 

Alpha Cellulose 
(per cent) 

95.30 

95.30 

Average 95.30 

Chloroform 
Bartraot 
(per cent) 

0.930 

0.940 

Average 
! 

0.935 

1 

Benzene Extract 
1(per cent) 
i 

1 

1.00 

1.00 

1 Average 1.00 

6.80 

6.80 

6.80 

0.90 

0.90 

0.90 

97.00 

97.10 

97,05 

0.500 

0.520 

0.510 

0.63 

0.63 

0.63 

6.80 

6.80 

6.80 

0.96 

0.96 

0.96 

97.40 

97.30 

97.35 

0.380 

0.370 

0.375 

0.510 

0.500 

0.506 
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table 7. (Continued) Cheaical Analyses of Unscoured 
Cotton fibers 

llnd oi 
f e s t 

Cotton Variety 
Ifeaphii gmpife UU i^2 LocMett 140 

itbyl Alcohol 2*20 
bEtract 
{[per cent) 2»20 
average 2«20 

d s t l l l e d water 2.60 
txtract 
per cent) 2^70 
iverage 2.65 

boioniiiB Oxalate 4.50 
Extract 
per cent) 4.60 
verage 4»50 

lac la l Acetic 6*10 
eld Extract 
per cent) 6.X0 
verage 6,10 

1.40 

1*40 

1*40 

2*40 

2«40 

2*40 

3*50 

3.50 

3*50 

5*30 

5*30 

5*30 

1*20 

1*M 

1*20 

2*20 

2.20 

2*20 

3*80 

3*80 

3.80 

5*10 

5*10 



table 8. Cheaical Analyses ot Scoured Cotton Fibers 

Kind of 
. tfBBt isnphis' 

Cotton ?arict 
ynirtlyft ' g a l e "119 Loo l^tt 140 

Koisture 
(per cent) 

Hi^rage 

e.TO 

i . 7 0 

6 .70 

6 .50 

6 .50 

0 .40 

6 .40 

# . 4 0 

Ash 
(per c e n t ) 

Average 

0.24 

0 .26 

0 .25 

0 .35 

0 .37 

0 .36 

0.37 

0.37 

0.87 

Alpha Cellulose 
(per cent) 

Average 

98.50 

98.60 

98 .55 

99 .00 

99.00 

99.00 

99.S0 

99 .20 

99 .25 

C h l o r o f o m 
E x t r a c t 
(per c e n t ) 

Average 

0 .800 

0 .810 

0 .809 

0.380 

0.380 

0.380 

0.310 

0 .310 

# .310 

Benzene Extract 
(per cent) 

Average 

0.840 

0.850 

0.845 

0.430 

0.430 

0.430 

0.350 

0 .350 

0 .350 
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'able 8, (Continued) ChemleaX Analyses of Scoured Cotton 
Fibers 

tied of 
Test 

Cotton Wrleti 
liempliis 

cy  
Eaiplre Bale 92 E o c K t t l i Q 

^thyl Alcohol 
Extract 
[per cent) 

1*00 

1.10 

irerage 1.05 

i l s t i l l e d Water 
bEtract 
*per cent) 

1.50 

1.50 

•erage 1.50 

jHK>niua Oxalate 
Ix tract 
per cent) 

0«73 

0»75 

^rerage 0.74 

Glacial Acetic 
\C±d Sxtract 
per cent) 

2.70 

2.80 

nrerage 2.75 

0.70 

0.72 

0.71 

1.20 

1.20 

1.20 

0,49 

0.47 

0.48 

2.10 

2.00 

2.05 

0.51 

0.53 

0.53 

1.10 

1.10 

1.10 

0.42 

0.40 

0.41 

1.80 

1.90 

1.85 



f^alile 9 . Wax Detemlnatlon b̂ y th« Hew Sthyl Alcohol 
1 Extraction Vethod 

54 

4 of 
T«st 

Cotton variety 
roipEXi BiBpi^ UU ^2 E ^ k^ii 140 

lolstiire 
[per cent) 

7.00 

7.00 

6.80 

6.80 

average 7.00 e.80 

lax 
\jp9T c e n t ) 

1.42 

1.38 

0.75 

0.79 

irerage 1.40 0.77 

6.80 

6.80 

6.i80 

0.550 

0.560 

0.555 

Acala 4-42 Acaia 5675 Coker 100 W 
Greenville ̂  Florence, S.C. / Weslaco, Texas 
Texas 

polsture 
[per cent) 

•erage 

^x 
per cent) 

•erage 

6.2 

6.2 

6.2 

0.61 

0.61 

0.61 

6.1 

6.1 

6.1 

0.57 

0.57 

0.57 

6.0 

6.0 

6.0 

0.64 

0.64 

0.64 

file:///jp9T
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Table 9 , (Continued) Wax Z^etemination by the Sen Ethyl 
Alcohol Extraction Method 

Kind of 
Test 

Cotton Tariety 
Coker 100 1 gea Island gei l ind l,47>g§S 

Florence,8.C. S t . Vincent Florence, S* C. 

Moisture 
(per cent) 

Average 

6.3 

6.3 

6*3 

e.4 

6.4 

6.4 

6.3 

6.3 

6.3 

Wax 
(per cent) 


