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ABSTRACT 

MORE AOOUT DUMBELl TEST USING 
TWO DIFFERENT SWELLING AGENTS 
Dumbell 

t I-..i.::...:.~ ~ ..;,.-I~ r I ~I .... 
By 
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T.ll 

The light microscope Was u~ed to lollow up the behaviour 01 some Egyptian 
and Sudanese COltons, before and alter IrealmenUi. similar to those normally used in 
the finishing mill~ of cotton products, It wa~ round that iodo-zinc chlor'lde swelling agent 
could be used il'l the maturity and/or damaged microscopic test imtead ot caustic, 
50da, both agents gave results that are Hrongl~' correlated to each other. 

INTRODUCTION 

The purpose of the present 'I'Ivesligation is to show tha[ one could rely on Iigh[ 
'Tlicroscope lor assessing the qualIty 1I,:n. maturity 0,1+,5], strength (3,5,61 al'ld the 
damage L1-6] thar may occur iO the col ton (ibre at any stage of processing or '",'hen 
stored. 

It is indIcated that these microscopic tests are well related to each other and 
thtl1 all of them could be: used equally to asseS5 the cotton under consideration (3). 

Here again it is evident that the mtcroscopic determInations, either by the a~erage 
number of bead~. or by the number of fibres, by the dumbell test are well correlated 
to the mechanical tests represented by fibre bundle ~trength l~,(,.7]. 

U(!cau~(! o{ the simplicity or th(! dl.Jlubcli test (which is a rnino!iCopic lest) in 
corllpa! i$on to rhe ali(!fage nUlllber of beads lest, which lI'Icludes many complic' '''ns 
sucn as the type of damage lha t may occur to the pr [mary wall and the na' 
bulging of the secondary wall, it IWlU thought of ~)t~anding this ten by u' 
swelling .solutions namely iodo-zinc ctliond(!, and caustic soda (J }~). which i~ 
used in maturi lY tests. 

The technique proposed here is SImple and may prolle it's suita ' 
routll'le tests in Ihe indulitry. 

EXPEIUM[NTAL PART 

Ra. ... Material 

Varieties of Egypuan and Sudanese cotton Jibres which ar 
halle been used, The commerical colton fibres are G 4}, 
B2, G I and G.2. In preparing test specimens lor this i1westi 
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Microscopic: Examination 
A light microscope with heating disc was used. All the measurements were condu

cted at constant slide temperature of 62"C. 

Maturity per centage 

The percent maturity values (M) were determined by the sodium hydroxide methoo 
(ASTM : 0 IIj"2-7H) • 

Fibre bundle Strength 

The tensile strength was measured using Pressley Strength Test~r at zero gauge_ 

Preparation o[ swelling agents [9J. 

The swelling agent used consists of Zn C J 2 (J DOg). KJ OZg), (34 ml) distilled 
water; and 12; till saluration. 

New Dumbcll lcst 

The Dumbell ICst described in Ref. [1,2,3, and &] was used to assess the dama~e 
that has been occured to the fibres. using iodo-zinc chloride swelling agent instead 
of caustic soda I} % • 

RESUL 15 AND DISCUSSION 

Table I shows the (%) of und.lrnaged ftbres (nl and 1'12 trpe5) for a vadelY o( 
EgYPIla.n and Sudane:;~ COttOM when rhese fibres (200}J length) are placed in solu
tion~ A a.nd B. Determinations have been carried out (or 200 Clbres in each lest. 

Table 0): Values of the (%) of undamaged fibres (or Egyptian and Sudanese 
cottons placed in lodo-zinc chloride and caustic soda (15%). 

Caustic Soda 
T)'pe of cotton (15%) 

(Sol. A) 

Ilaraka r - B I 74.7 

looo-Zinc 
chloride 
Sol. B. 

7&.2 

(%) 
difference 

4.7 % 
Barakar - B2 86.1 &4,4 Sudanese l,97~b 
Ginr •• G I 61.' 6',9 CoUons 7.16'H:. 
Gizera - G2 68.7 72.3 5.24% 

Giza 45 78.9 86.1 9.13% 
Egyptian 27 . .57% Giza 75 7.5.& 96.7 
Cottons 20.32% Giza 74 6&.9 82.9 

Karnak 75.5 80.2 6.23% 

To test if the two solutions r anI< th~ cot tons in the same manner, the Spearman's 
rank correlatIon coefficient (R) was calculated from the equation: 

6 ~ i 
R ~ I - _a' y-----

1'1 - 1'1 

. R WAS found 10 bc 0.&3 and highly signllican~ at the .5% level. This result indicates 
," solutions could be used with great confidence to assess the quality of cottons 

' ... ie 1 eslS, bu I the di ilerences are quite s i gifiCAnt wi th Egyptian cottons 
'his case the (%) ddlerence reaches to 27.}7%. And when ranking is 

'iety alone, it w.n found 10 be R " 1 for Sudanese coltons, and 
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R : 0.60 [or Egyptian cotton. In [act this result indicates that In microscopic tests 
when cotton are placed in swelling agents care should be taken because 01 the response 
of each type to the swelling agenl which would affect the magnitude 01 the l%) 
'Jndamaged fibres determlOed. 

Ploned in Fig. I the va1ues of fibre bundle strength (mechanical test) versus 
libre maturity (microscopJC test) u\ing iodo-zinc chloride swelling agent instead o! 
caustic soda I }%. 5tatililicaH ana\y!i!. has shown t"a~ (ibre bundle. strength (P.Ll is 
positively correlated with the fibre maturiry (M), which IS bn.!ically deterlllined from 
micro.5copicai examination of fibres. The correlation coeHicenl trl 1$ 0.84. 

Plotted in Fig, 2 the (%! 01 und<lmaged fibres when using solutions (Ai andie) 
i.e. caustic 50da (j 5%) and lodo zinc chloride re5peclively. The correlalion coefficient 
(d is good and equal to O.6~7 anr! generally the Egyptian cotton exarrined'showed 
higt'ler perce .... [age 01 undamaged libre~ when both solutiolls w~re used. 

In (act these result calls for the SUItability of using iodo zinc chloride instead 
of caustic soda as a swelling agent In Dumbell test. The pre!ipnt method is casy and 
saves rnuch time and dlon. 

RELATIONSHIP IlI::TWEEN PERC[;NT UNDAMAGED FlHUE5 AND r-mRE. MATURITY 
AS DETERM1NED USING CAUSTIC 50l)A AND IODO-Z!NC CHLOIUI)[ SWE.LLING 
AGt.NTS. 

Table 2 shows the (%) undamaged fIbres and the i.9\)) Malurlty when some Egyptian 
and Sudani1.e cotton were immersed tn caU5lic soda (solution A) and iodo zinc chloride 
(Soluticn B), but we have to mention thaI the (%) undamaged tibres was deternlin~d 
by dumbell tesl uSing lodo-zmc chlOride solutIon. 

Plotted in Fig,5. J and 4 are d'e (%1 of undamaged fibr.-!; versus m;;turity (~c} 
when u~ing !olutions (I\) all(, (0) respecttvelL It is evident [rom rhe plots :haL the (~:.) 
of undamaged Ii bres are well correIa led wllh ! tbre maturi Iy irrespecti,e 01 rhe swellif\g 
agent u!.ed. The correlation cod!iClelll {rh~ l;lgh, and highly Significant at the ~·o 
le'/el. 

When the (%) dilJerence in the maLun:r percent (M) was Calculated it was found 
10 be I.lghcr lor Sm.li.mesc Lul \0110; when ('au~tic soda waS u~<:d as a swelling agcllt, 
tt"! {'l6) diUerence ranges between ).65% and 16.06% while the opposite occured 
with the Egyptian cot tons which showec in general very much less diHcrence.5. 

However since the (%) of undamaged fibres wher: using sol\!1ion<; (1\) and (B) are 
well correlated (Fi~. J and <I). one would elt'pect both M ('l(d '{alues to be well corrclated. 
Plotted in Fig. 5 are tl'e values of M (%) as determined when uSlI1g caustic sod;\ a('ld 
iodo-zinc chlOride swe IIi ng agen t$. The correlation coeI licien t (d is high and equal 
[0 0.95 and highly slgniHcafll ar the ~ (ci.J level. Hefe again ~he maturity (%) and 
the DurrbeJl tests could be uu~d equally to aS5e5~ {If"", quality lind In partiCUlar fibre 
5frength. It IS .lourpriSlng to lind Irom the plot that the results are s.plitted 'mto t\110 

groups, but generally tr.ey are p'C>si~i\lely COfrelat~d. for tre ~ime being "0 expln."a
tio!!. can be orfcrcd for Ibis pIHmorm~llon, 

CONCLUSiONS 

Froln the pNvious dlSCussiol15 and In\e~t\gation5 the ~oHo""'ing concl\Jsions may 
be dri!.'j/!1 :-

1- The percenlagcs 01 undamaged ilbles a~ dell!rmined by Ihe dumbell t~st using 
caustic soda (! 5%) and lodo-zinc chloride swelling agents are stro:1gly correlateu 
to each 0 ther. 

2- III the dumbel\ te_~' the perce()l<ll!,c !'.I { ur,Jamaged fibres ,,, determined using the 
iodo-zinc ch lor,dc ~we lling agent is generally higher than that determined using 
the caustlc soda jweillng agen t. 
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3- The maturity of Egyptian and Sudanese cottons as determined by the standard 
method using caustic soda and iodo-zinc chloride swelling agents shows different 
trends, while negligible differences in values for Egyptian cottons, can be observel:' 

t.I- The iodo-7.inc chl<;>ride sw('lIil1~ llRcnt could be used In the IIIiHurity Illlcroscopic 
test ilr!Otcad or coustic !.oda, both agents gave results tl1a\ are strongly correlated 
to each other. 
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Table (2) Value!!. Jl!. (%)01 UndamaSed Fibres and Md\l.lrity In (%) USlIIg Caustic Soda {sol. A} and looQ-2.mc"chloride 
(Sol. B) Swelling Agents. 

5udanile 
Cotton.~ 

Egyptian 
Cottons 

Type 01 
Cotlon 

B<3rakat-BI 
8arakal-B2 
Gizera -GJ 
Gil-era -G2 

Giza -'l'5 
Giza -n 
Ciza -71j 
KMnak 

Causlic Soda (501. I\) Indo Zinc Chlorl de 

M <%) 

7~.07 94.2 ?S.2 
86.1 96.} 84.1.j 
61.5 87.2 6'.9 
6S.7 SS.4 n.3 

78.'7 89.9 86.0J 
75.8 90.4 %.7 
Ga. '3 1)5.9 &2.9 
75.5 91.7 80.2 

.. Not~ • Trnd% )oi undamaged Hbres i5 de termlne-o by dumb~ 1\ le~' uSIng 100::\'O-211'\C rhl'Of Ide 
>. 
"D 

:0 
:J! 

I 

LLI 

i· 
« 

>L:I 

...: 

-._---

(~,)}Dl1Jerence in M 

M (%) 

82.0 J2.95(~.J 
9.3.0 .3.6.3 (~o) 

73.7 ! 6.06(<;'~) 
7.5.0 1~. \ 6(-';o} 

---
91.9 2.23 (':0) 
90.11 0 
&.'5 • ., 0 
8).2 '1.27 ('70) 


