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ABSTRACT: Light microscope in conjunction with iodo~-zinc chloride
swelling agent were used to monitor several properties of cotton fibre

befocre and after the lalter were subjerted to degradalion treatments.
Amang properlies measured were malurily, convolutien [requency, per-

centage of damage snd quality number of cotton fibres. Hence it was
possible to asses that total effect nf mechanical and/or chemical tre-
atments on the physical preperties nf colton Fibres. [he technigue

adepted fast and inexpensive. 1L enables studies Lo be made of the
effects of pretreaktment and finshing processes on damage and quality
of cotton fabrics.
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1. INTROODUCTION

Catton is perhaps the most widely used texlile fiber all over the worl.
This preeminence is due to a happv cambinabtion of properties such as
abundance, fine cross seclion, high atrsngth and durability, ability b
absorb moisture, easy dyeability, etc.

Cotton fiber is the purest form af natural cellulose and has very litt
le lingnin or peictin compouned with the cellulose as flax, jute, hemp
or wood. However it still contains several unwanted impurities (1).
Nearly 6% of the fiber weight is impurities thet need tn be remaoved to
prepare cotton for moat textile uses., Beside the natural impurities,
cottan fabrics in a loom state contains impurities such as oila and
sizing material which have been added to cotlen to facilitate spinning
and weaving.

The need for remaoval of impurities 1a obvious to make grey febrics whit
gnd_absorbent and to prepere them for dyeing, printing or chemical Ffin-
igshign. In practice, the grey cotton fabrics after singeing are subjec!
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to a number of welt processing viz; desizing, secouring {or kier
boiling), mercerizing and bleaching, to remove i1mpurities. Except
mercerizing these processes invnlve chemicel treatments at high tem-
perature and considerable length of time. Also dyeing, printing and
chemical finishing, the fabrics are exposed to eeveral conditiong of
temperatures and chemicals.

The effent of these various treatments is to bring abnut deteriorat-
ion and degradation nf the cotton fiber in the fabrlec. This and the
fact that these treatments are performed under different tensiaona an
fabrics previogusly suffered [rom tension during spinning and weaving
necessitate measurement of deterioration and degradation of cottan
fabric. d

Deterioralion of the Fiber is usually ssgsessed by strength measureme-
nt whereas fiber degradation is assessed by determination of degree
of polymerization {2}, or Tluidity (3), copper number and carboxyl
group (4). The disadvantages of these methods are:

1- They ore tedious and lengthy.

Z- A1l the methnds shonld preferably be carried nut to asses deteri-
oratinn and degradation.

3- Non of these melhaods can give reliable informations about the loc-
atinn of damage in the fiber.

4- MNan of these methods cao detect the kind of degradatiaon whether
chemical or mechenical.

fhus it is fabvious that 8 rapid and simple method for assessing degra~
dation and deterioration of fibers is badly needed. The present work
was undertaken to fFill this gap.

1.1 Purpose

The purpose of the present investigation is to investigate the possi-
bility of using the optical microscope in assessing and predicting
the strength and/or quality of colton fiber, when the fiber is eub-
jected to chemical and/or mechanical actiaon,

fhe ultimate objective is to establish a new method for assessing bthe
damage that may occur to the fiber by following up the behaviour of
the Fiber when placed in the swelling agent iodo zine chloride, espe-
cially the behaviour of both the primary wall and secondary wall of
the fiber.

2. EXPERIMENTAL ARRANGEMENT AND TECHNIQUE,
2.1 Raw Material

Varietiea of Egyptian and Sudapese cotton fibers which are commerci-
ally availablie, have been usad. The commercial cobtton fibers are
Giza 70, Giza 45, Giza 75, Giza 77, Giza 74, Karnak, Barakat 1,
Barakat 2, Rhizera 1, Gizera 2, Barakat 5, and Up-land. In preparing
tast specimens for this investigation, the method described in Ref.
{5) was uaed.

2.7 MWleroecopic Examinetlon

A light microscope with heating disc’ wae osed, All the measurements
were conducted at constant slide temperature of 62°C (&).
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2.3 Msturity Percentsge

The percent matuarity values (M) were determined by the spdium hydru-
xide method according to ASTM D 1442-757T.

2.4 Fiber Bundle Stresngth

The tensile strength was measured using Pressley Strength Teater at
zero gauyge. The % drop in bundle strength "L%" was calculated from
the equatian;:

(P.T.0¢

TP LY,

fiber bundle slrength af treated sample.
fiber bundle strength of untreated sample.

L% = (1 ) x 100 e (1)

where (P.[.}¢
{P.1.,y

2.5 Preperation of Swelling Agent

The swelling agenl used consists of ZnCl

)
disti1lled water, and I, till saturatiaon “f

{100gY, KI {32g}), (34 ml)
2 7).

2.5 New Dumbell]l Test

The Dumbell test described in Ref. (B, 9, 4, and [0) was used to asses:
the damage that bhas been occured to the fibers using iode-zinc chler-
1de swelling agent instead of caustic soda 15%.

3. RESULTS AND OISCUSSION

3.1 Mathemeticel Treatment For Assessing The Damage of Egyptian and
Sudaneee Cottona: .

The purpose of the present parl of thig psper is to show how nne cauld
rely on light microscope for, assessing the damsge that may occur to
the ootton Fiber at amy stage ofl processing or when stored, The tech-
nique propesed here is simple and wmay prove ib's suitability for the
routine tests in the industry.

The technique is besed on the fact that when well developed cotton
Fiber is placed in swelling agants, it forms beade or balleoons. The
number uf these was found to be dependent on the type nf cotton, but
independent of tested fiher length For earh type of cottan, {(lengths
of 2000 4 and abave). It is understandable that the swelling agent
used for this test was the zinc-chloride and iodine dissoloved in
water.

Based on the nuwber of beads fibre damege may be calculated mathema-
Lically by using one of the twa lullowing equation:

N - N
% Dsmage = —08——*% » 100 e (2)
No
Teg =~ Tt
and % Damage = x 100 seeeees(3)
S0
where N0 = number of beads Formed in the original untreated fiber.
Nt = number ofF beads formed in the treated fiber,
Tso: time of swelling for untreated Ffiber, and
T, = time of swelling for treated fiber.
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One has to know that in Eq.{(3) the fiber has to be obaerved under the
micrascope to follow up the formation of beads till it reaches ilt's
maximum number, for each Lype of cotton this time was recorded and
used. Eq.(Z) would give different values for % damage if sample of
Fibers of lengths less than 1000 _u, is used, but fairly constant val-
ues for lengths of 2000 u, and above this equation could be written
in the form aof:

(No/L)-(N/L)
) Nu/L

According to Eq.(4) when N/L = zero, then the percentage damage is
100% which means full.damage of the primary wall, and when No/L is

equal to N/L, then the percentage damage is zero, i.e., the fiber
shows no damage in the primary wall.

100 e (4)

% Damage =

3.2 Location of Damage '
The light microsrope technique could be used in detecting the locat-
ion of mechanical damage that may occur to the fiber when the fiber
is exposed to mechaniral strains. It is expected, that highs welling
of the secondary wall occur in portions of the fibers which asuffersd
most, while the impaired portions would show much less swelling. This
would be reflected also on the number of beads formed. This could be
seen from photograph (1).

In the case,of chemical damage, it is very difficult to locate the
damage, saince the damage usually occurs in the entire fiber.

3.} Kind of Daemage

[t is quite essy to distinguish between the chemical and mechanical
damage by making use of longitudinal swelling views of cotten fibar,
using the light microscope. As shown in Fig. 1 {photeos la and 1b)
the number of beads in mechanically degraded Fibers is greater than
those chemically degraded fibers.

}.4 Fiber Maturity

Maturity of cotton fiber is a delermining factor in the overall qua-
lity of rolton. No commericsl cotton has ever been found to be 100%
mature. However, in cammon practice, a normsl cotbton with a maturity
falls as luw as 50-60% range, processing decreases as indicated by
increased ends down in spinning, and decreased product quality are
shserved.

The measurement of fiber maturity ia principally based on microscopi-
cal tests. It is known that mature fiber would show ronsiderable
swelling. Fig. 2 shows mature fibers which appesr almost cylinderi-
cal when swelled, while the immature fiber are of corkscrew shape.

{f a fiber is well developed it's maturity would be expected to be
high, and hence would show high strength, and vice-versa. This would
appear from strength measurments of fiber bundle atrength as will be
seen later.
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3.4.1 Additional Paramelter for Assessing maturity of cotton fibers:

The number of convoluticns/unit length of fiber could be used as a
measure of filer maturity, especially for raw cottons. This is &
purely microseopical test. In prepsring test specimens for this
test, the method described in Ref. 5 was used.

3.4,1,1 Reaults of convolution frequency:

When a fiber is viewed thrpough a microscope, the most nbvious c¢harar-
teristic is, that generally flat band structure with corkscrew-like
twisting. These twists are designated as convolutions. Convolution
generation is intimately related to internal structure and secondary
wall thickness. VYery thin-walled cottons generslly are lacking in
convolutions. [t was found, that the conveolution frequency varies
between 3.214, 3,224, 3.327, 2.876, and 2.762 per mm for Giza 45,
Giza 75, Barakat |, Barakat 2, and Up-land cottons respectively.

A linear regression analysis between the microscopically measuced
convolution frequency and per cent maturity wss found in the form of:

n = 0.027 M + 0.959 veneena {5

Given in Table !, are results of per cent maturlty and convolution
fFrequency, which give a high ranking correlation coefficient (R =
0.923), which is nolt unexpected since both measurements describe the
same character of cotten liber.

Table 1: Relationship between fiber Matority (M} and Convolvutian
Frequency (n).

iype of catlon "Percent maturity(M}% Convolutinn frenquency{n)
Giza 4% g1 3.4814
Giza 75 a9 3.244
Gizera 1 76 3.185
Barakat 1 81 3. 347
Barakat 2 74 2.878
Up-land 72 2.762

3.4.1.2 Results of Compresaiaon Modulus:

The compression modulus,was measured at twelve pressure ranging bet-
ween 0.2 and 104.2 g/cT using the Shirley lhickness Gauge with larg-
est foot (area = 50 cm”} and fiber attachment {5},

The compresgsion modulus could be determined according to the equation:
t‘I (PZ - Pl]
C.M. = — e s (8)
1 2

where t . and t, are losses in cotton fiber thickness measured at two
erbitrarly pressore P, and P] respectively. Accocding to Ref.{§) it
was found that the ra%king cogrrelation coefficient belween maturity
percentage (%M) and €.M. is 0.58, i,e. the correlation batween these
two measurements is not strong as that found between %M and conveolu-
tion frequency (f). .
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3.5 Relationahip batween Average Number of Beads and Tenaile Strength:

The idea of Lthe present work is based on a simple fact that when a
cobtton Tiber is placed in a swelling agent the primary wall splits in
dirferent ways as shown in Ref. 1t, and at the places at which burst-
ing accured the secondary wsll bulges out and forms whalt we call beads.
All attempts made are related to the number of beads formed and tens~-
ile strength uf the fiber (actually in the form of a bundle).

Therefore by lollowing the changes in the number of beads formed after
swelling one cuuld judye on the change of Ffiber strength. It is expe-
cted that as the number of hesds decreasea after any chemical or mech-
anical action, the fiber would show less strength. This is due to the
Fract that as the primery wall splits more, it’'s continuity diminishes,
and it's share to tensile strength of the fiber decreases,

Also we are going to show thalt the number of beads formed and the
tengile strength of a wide variety ol Egyptian and Sudanese cottons
are well related irrespective of the variety of cotton.

3.6 Effect of Pretreatment and Dyeing of Strength and Quality of
Cotton/9/.

To examine the influence of chemical treatment on the strength of cgot-
ton, gsamples of Giza 75 cotton have been scoured, bleached, then dyed
with 7 types of commerical dyes, that widely used in dyeing mills. The change (il
any) because of .these krealmenl have been followed microscopically and mechanically
by measuring the bundle strength {Pressely Index, P.l.)}.

In microscopic tests the dumbell testrdescribed in 2.6 of this inves-
tigation was used to assess the fiber damage. Microscopical invest-
ingations wsing the dumebtll test have shown that when the cotton fibers
{(dyed or not dyed) are placed in iodo zinc chloride solution they show
the forms shown in Fig. 3, with different proportion in the specimen
examined.

In the mathematical analysis of assessing the quality of tha fibers
at any chemical trealtment, type 1 waa counted in the sample examined
as n,, while type 2 was cuunted as n,, and type } was counted as My
and Ehe total number of libers examified is n, where

|"I‘:I"I1-l.-l"I2+I"I3
The quality number (Q.N.} which is used in the present work as a mic-
ruoscoplic measure for quality is calculated by propertion from the

following eguation:

ceea T

z+"}
3In

Q.N. = { + ) x 100 ... (8)

n 2n

In another mathematical analysis for the aame teat the % of damaged
fibres, i.e. type 3 only in which no bulging of the secondary wall
is observed wan used es a measure of [he quality ol treated cotton
under cagnaideration, The % damaged fibrea is calulated from the
equaktion:

ny Damaged

mD:.——nW,‘(JUU veaaena (9}
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Plotted in Figure 4 are the values of strength (P.[.} versus guality number (G.N.).
Statisticall analyeis has shown that tensile strength is positively correlated
with the quality number which ia bagically determined frnm microacopi-
cal examination of [ibers. The correlation coeflfficient (r) is 0.82.

Table 2: Values of Quality Number (Q.N.), % Damaged Fibres (%D) and
Fibre Bundle Strangth (P.I.) for Giza 75.

-4 H - 24 o
Treatment strength %Damage Quslity % Drop % Drop % Increase

Number in damage

(P.I.} {%) ON (%) (P.I.) QN %D
Raw ginned 5.9 4.6 53 0 0 0
Scoured 9.5 9.8 Y] 4.04 9.7 1.1
Bleached 9.4 17.5 70 5.05% 24,7 2.8
Dyed with Levafix 9.1 33.6 65 B.08 30,1 6.3
Dyed with Besilen 8.8 jz.0 62 IRPRR 33.3 5.9
Oyed with Procion 9.0 30.5 &0 9.09 35.5 2.6
Dyed with Drimarene B.9 31.0 59 10.10 j6. 6 5.7
Dyed with Direct 9.2 26.6 &6 7.07 29.0 4.8
Dyad with Naphtol 5.2 31.7 614 7.07 31.2 5.9
Dyed with ¥at 3.2 26.7 62 7.07 33.3 4.8

The .N. ranges between 93.0% (for raw ginned cokton) and 59% which
has been obtained when the scoured and bleached Giza 75 cotton wes
dyed by Orimarene. (See Table 2}. It is evident from Table Z that
genecrally high values of J.N. are associated with low values of %
damaged fibers and vice-versa. In fact this result pointed to the
sultability af using the % damage as a quick measure for fiber dem-
age, since only one type of fibers (type 3) is counted under the mic-
roscope, instead of counting each type. This will save time and
effort, but the Q.N. has the advantage of considering all fibers in
the tested semple, which corresponds to the result obtained for sktre-
ngth, where the averaqe strength of fiber bundle is recorded.

3.7 Relation Between Fiber Bundle Strength, Fiber Maturity, Number of
Convolutiona and Averags Number of Beads for Raw Cottons:

To examine the relationship between fiber bundle strength and proper-
ties that were basically detecrmined from microscopical tests, seven
Egyptian and Sudanese cottons wera selected and examined in the raw
state. These are Giza 77, Giza 70, Giza 75, Dandara, Barakat (Bl and
B2), and Gizera 1 (G1).

Given in Table 3 are the values of the average number of beads (N/L),
number of convolution (n), maturity and Fiber bundle sirength (F'.l.}.3
The average number of beads ranges between 10.25 x 10" 7 and 15 x 1077,
and higher for Egyptian cottons than for Sudanese coltltons.

Plotted in Fig. 5 'are the values of the average number of beads N/L am
fiber bundle strength (P.I.} for Egyptian and Sudanese cottons, From
the figure one may observe that the two values are positively correla-
ted, i.e. fibers showing high number of beads are also showing higher
strength and vice-versa, and the correletion coefficient (T} is 0.91.
The Egyptiesn cotton shows higher strength and higher number of beads
compred with that of Sudanese cottona.
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Plotted in Fig. 6_are Lhe values of fiber maturity and the average
number of beads (N/L) for Egyptian and Sundanese cottons. Generally
fibers showing higher maturity also show higher sverage number of
beads and vice-versa. JThe correlation coefficient (r) is 0.70 and
significant at the 5% level.

Table 3: Values of Number of Beads, Number of Canvolutions, Meturity,
and Fiber 8undle Strength Far Some Egyptian and Sudanese
Cottons {Raw Cottons).

Property Egqyptian Cottons Sudanese Cotton
Type of cotton G 77 G 70 G 75 ) B 1 a5 G 1
Number of beada N/L x 107° 5.0 12.3 12.5 11,8  11.35 11.08 10.25
Number of Cunvolutinns .14 8.76 2.30 10.1 8.53 .07 8.25
(in 20004 length) .
Maturity{Caustic Soda 8.2 88.7 ai.n 82.1 B5.10 71.40 73.70
Solution)
fiber Bundie Strength 10.97 10.04 9.98 9.0 7.82 7.50 6.62
(P-[-)
CONCLUSION

The microscopic technique was used to menitor the maturity, convolut-
tnn frequency, fibre damege, quality number, aversge number of beads,
compression modulus, and fibre strength. 1t was proved to be simple,
fFast, inexpensive, and highly reproducible test method for determing
the quality and damage cotton fibres either in the raw or treated
state, provided that there is no complete deamage to the primary wall,
Fibres which were considered mature showed high convolution frequency
and low compreasion modulus,

It was also found that the higher the quality number, the higher the
percentage of undamaged fibres in the semple and vice-versa.

The average number of beads Formed in Egyptian and Sudanese cottons

was strongly correlated to fibre bundle strenglh and Fibre maturity.
Generally Ffibres of high maturity and strength showed high number of
besds. .
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Fig. | Longitudinal view of [liber showing high sweliing al the portion
ol which its sulfered fromm mechantcal andfor chemical degraded.

1:1‘ Clfect of carding on G0 cotton {iber, inunersced i wodo-zmc-chloride
swelling agent (200x).

lt:' Effecy of drawing un G70 cotlon [ther, imnersed in iodo-zinc«
chloride swelling agent (200x},

lc' Cltect of scouring, bleaching, and dyeing on G753 catlon [iber with
Mrimarene (200x),

Fig. 2 Longitudinal view of mature and iromalure cotton [ibers.
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