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Abstract: The "'fleer 01 cheMIcal treatment on suen&th u{ d}ed COlton (iDees using 
a Simple light microscope and IDVlllbeH" te51 was studied. The results indicated that 
the drop in ~lfel1ath ot trl'ated cotton 'Ibres( ,coured, bleached, and dyed ""ith seven 
dif!erent dyes) ""as accompanied by a drop in quality nLimbers, or/and ..... ith the increas.e 
in the I'ILlnbN of damaged fibres. For dyed cotton libre, the ma)(ilOum drop in quality 
number II/as higher with Dnmarene dyes. than that with Direct dyes, 

1- INTROnUCTlOI-J 

The leX till:! indus! ry in Egypt depends lIIainly on col tOil alld eoU011 represen Is 
'0% at least oj i 15 fibre consumpilon. It )5 ""ell \<1\0 ..... " that the Egvptian co t ton 
has uniqLe propertles and is ol high grades in comparison to other CQHon~ produced 
elsewhere in the "'orld. [I is the IIrst naliona[ crop in Egypt and the national income 
of the counlry depends 10 a large utent on il. 

D~maRe may take pl!!lce in coHon I'Ia.nl processes. It i~ prop6ble that 50me 
degradation is caused by the standard cleaning, splnnin'.l. and .... eaving In the manu­
facture of COtton1. But generallv il is ImO\lm that 1he chemical treatments in the 
linishing ptOCeS5e~ really aHeCI t"le lihre. The chances of ~erious deterioration 
are much greater. 

It is eVident Irom the e'penence In the Indusuy that under cerl~\n c:ircum,taces, 
cotton fibres are exposed 10 both phYSical and chemical damage, unless operations 
are carefvlly controlled. 

The pllrpo~e of the pre5ent paper is to examine the effect of the d)"p.ing t~ea· 
tmenu Oll the strength 01 (.;iza 7~. cotton hbre and to tollo ... -up the quality of the 
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fibre "at these ueatment5, by microscopical test, with the aim of expre.uill& the quality 
01 the 1ibres from the lIcrength point of view, with simple figures. In fact these are 
important to the: tpinnen and to the: dyeing and finishing especiali$tJ, and in generiJl 
t.o the textile mills. 

It {' hoped that cnrough these figures, one could rank conons acording to their 
quality and resistance to damage when exposed to mechanical, chemical and weathering 
CQnditions, or when stored. 

II. A COMPREHENSIVE SURVEY OF DEGRADATION MEASUREME.NTS OF COTTON 

FlBRESl -7 

The tests given here may be clauified as tollows 

A} Qualitative Te:H$ 

1- For swolJen cellulose 
a- Zinc-chloride-iodine test. 

2- For chemical damage 
a- Fehling's solution for hydrocellulose Or oxycelluose. 
b- Turnbulls blue for oxycellulose. 

B) Quantitati't'e Telts: 

I· For swollen cellul05e 
a- Barium activit y number of mercerized conan. 

2- For degraded cellulose 
a- Loss of wCighl in hot dilute NaOH for molccule length. 
b- methylene blue absorptIon lor carboxyl groups. 
c- Copper number tor aldehyde groups. 
d· Fluidity lor molecule length. 

With respect to the unreliable test5, it include the methylene blue te~;[, diamine sky 
blue ten, benzopurpurin test, indanthrene yellow test, Harisons tese, and heat test. 

n.t Other rests lor Asse!ising Damage of Cotton Fibres: 

II. 1.1: Congo Red Ten: 

This teH is simply illustrated in soaking cotton fibres on a microscope slide 
for .5 min. in 9% NaOH, then washed and blotted dry, then soaked for 6 mm. in a 
saturated aqueous solution ot Congo red, then washed and mounted in 1896 NeOH 
[or microscopical investiga.tion. Damageed portion of the fibres will be Iwollen 
and stained much darker red than the undamaged portions. 

II. 1.21 Heat Damage of Acid Tendering Test: 

This teu is also a microscopical test. The cot ton fibrel which are $uspec::ted 
of damage by scorchmg may be mounted in 1!96 NaOH and examined after to min, 
The fibres will be swollen, but also nicked at short intervals by horizontal crac::ks 
acrou Ihe axis of the libre. 

A similar but more pronounced response i~ observed in COHOn fibres which 
have been tendered by expo.r.ure to mineral adds. The fibres are frequently segmented 
into short fragments upon swelling in Ihe caustic soda. This phenomenon is sometimes 
.. etered to as "chemical sectioning". 

II. 1.3: "Dumbell" Test: 

The test is :;imply Illustrated in cutting lengths of cotton fibre of about 0.50 mm 
from ;& bundle ot fibres. The shorr lengths are mounted on a slide in 15% NaOH 
and e!tamined microsopic::aUy. 

In the undamaged libres the secondary wall cellulose will swell and be extruded 
from the cut ends of the Hbres forming dumbell shapes or mushroom beads at each 
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end of the (ibn" s.ectioo. But if the primary waH ha.5 been damaged jj will be weakened 
and unable to withstand the internal preuure generated by the swelling secondary 
wall. In damaged Hbres the whole fibre swells more or less uniforl1Jy and lhere are 
no mushroom head~ or dum bell formatioos. 

The damage can be estimated by counting the number of each type of fibre 
pruent and a quaMitati .. e e!(pres~iO{\ 01 the amount of damage in the cct10n can 
be determined. Also it was suggested to calculate a "quality number", which i~ obtained 
by calc\Jhuing th<: pen:;ental$e number of well-swollen ends and dlyided by unity, 
also determined the percentage ot medium swojJen ends and dlyided by ~, also the 
percentage of unsViollen ends and divided by J. The sum of these figures !liyes the 
quality number. a figure len than l' indicates damage. 

III. EXPERIMENTAL ARRANGEMENT AND TECHNIQUE. 

To examine the influence of chemical treatment on the strength or cotton, 
samples of Giza 7j cotton have been !cou-ed. bleached ~hen dyed with 7 lypeS 01 
commerical dyes, that widely used in dyeing mills. The change 01 <lny) becal.l~e of 
these treatments have been (allowed-up microscopically and mechanically by mea!luring 
rhe bundle ~trength (Pres5el, Index. P.I.). 

The details 01 the d)'es used art' glY'''n in Table L In micro~copic; It:~a (he dumbet: 
test described in Part I of th~ project MS 85 Ion was used to assess the dgree 
of damge ',hat ha'S been occurI'd to the fibre. Microscopical irIYesti"aciol1s using 
the dumbell lest have shown that when the cotton fibres (dyed or not dyed) are 
placed in zin(" chloride ~olullon they show 'he furms !lhown In Fig. (I) with dlHerenl 
propotions in the specimen eu~mined. 

In [he malhematlCal analYSIS 01 assessing the quality of the Hbre!> on any ch .. mlcal 
tre.:ltmeot, type I wa~ counted in the sample examined as nl, while type 2 wa~ 
COUll ted as 02. and t~pe J was counted as. oJ, ..... and the total number c;f fibres 
examined is n, where n : nl • n2 .. nJ •..• (I). 

The quality l"Iumber (Q.N.) "'hieh is used in the present work as a micro.!>copu:: 
meaSure for quality is calculated by proportion from the 101l0wing equation: 

( 2 ) 

In another m.:o. thcmntical analy~ls for the same test the percenta8e of damaged 
'. - fibres. i.e. type J only in IIIhich no bulging of the secondary waH is observed has 

been used a~ a mea~ure 01 the quality of treated cotton under cosideration. The (%) 
dam~ged fibre'S is calcnlated Irom the equation: 

IV. RESULTS AND DISCUSSION 

Plotted in Figs. 2 ancl j are the Ifalues 01 Hren!)th (f'.!) versus qualny number 
CQ.N}, and the yalues ot the % drop in quality number verus % drop in slreng1h. 
respectively. Stati51:lca.1 ij.nalysts l"Ias $l"IOllin tha.I ten!ile strength is Positively cotfelateo 
wilh the quality number which is ba5icaJly determined from microscopical examination 
of fibres. The correlatIon coe({icienl (r) J5 0.849. 

It is also interesting to lind out that the % drop in quail ty number i1 t>OsitiyeJ)' 
correlated to ~ drop in Slreng~h (P.I), and the correlation coffici .. nl (r) is 0.81. 

The Q.,"1 ranges bet ..... een 9).0.,. (Cor raw ginned cortonl and 59% wl'lich ha~ 
been obtained when the scoured and bleached Giza 7' caton was dyed by Drimarene. 
(Sec Table 2). 
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Plotted In Fig. " are ehe lIalues 01 the ~ 01 damaged flbres (960) lIersus the 96 
decrease in libre bundle strength. It is obserlled that generally the ~ decrease in 
strength tends to increase lIIith the increase in the 96 of damaged fibres. This resuh 
and the result obtained betlileen strength and Q.N. (Fig. 2) indicated that a relationship 
would exisl bet",een Ihe tlilO microscopical determinaions, i.e. the Q.N and the ~O. 
Plotted in Fig. (5) are the lIalues of Q.N "ersus ~O for scoured, bleached, and dyed 
Giza 75. It is ellident that generally high walu\!s of Q.N are associated III it 1'1 10'" lIalues 
of -IIi damaged fibres and lIice-liersa. In fact this result pointe(i to Ihe suitability of 
using tile 96 damage as a quick 1I\{,"_5ur~ for fibre d.lmage, since only one type of 
libres (type ) is cO(Jnted under the microscope instead of counting each type. This 
111;11 salle time and eHort, but the Q.N Mas tho! adllantage of considering all fibres 
in the tested sample, IIIhlch correspond.i to the result obtained [or strength, IIIhere 
the allerage strength of libre bundle is recorded. 

Sho"'n in Fig. (6) is the block-<liagram 1)1 Ihe 96 :lrop in Q.N for dyed Giza 75 
(relatille to the original lIalue 01 the ginned ra", conon). It is ellident trom the figure 
that the maximu1l\ drop in Q.N is obtained "'hen the Or imarene dye ",as used, ",hile 
the least ",as obtained lIIith Ihe Direct day. It i~ propable that sellere damage to 
the primary "'all has occured, ",hen Orimarene "'a5 used. This is suggested from 
the large increase in the 96 01 damaged fibres, i.e. those sholiling no bulging 01 
the secondary "'all. 

V. CONCLUSIONS 

I. The quality number (Q.N) of Giza 75 Egyptian cotton that has been scoured, 
bleached and dyed III; th sellen difJerent dyes ranges bet",een 8496 and 5996. The 
hIgher the quality number, the higher the percl'"ntage of undamaged fibres in the 
~ample and lIice-~ersa. 

2. For Koured, bleached and dyed Giza 75 catton the drop JI\ sne.,~th ",as associated 
"'111'1 a drop JI\ quality nUlnber, or ",ilh the mcrease in the number of damaged 
fibres. 

J. For scoured, bleached and dyed Giza 75 colton, the maxImum drop in quality 
number occared ",hen Orimarene dye was used, while least drop occured ",hen 
Direct dye "'as u,ed. 
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