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ABSTRACT KEYWORDS
Background: Several researches and developmental work effortswere made Pregelled starch;
in this manuscript to synthesize what is called tailored polymeric materials Carbamoylethylation;
with new characteristics based on pregelled starch through a number of Grafting;
processes which, in turns entailed several chemical treatments. This was Monomer;
done by subjecting the pregelled starch as a starting substrate to acid Mechanical properties.

hydrolysisto obtain pregelled starch having different molecular sizes. The
latter were carbamoylethylated using acrylamide and sodium hydroxide at
different duration, then grafted with different monomers using potassium
permanganate/ citric acid redox system for initiating grafting. Furthermore,
harnessing of the newly tailored pregelled starch derived products as siz-
ing agent of cotton textileswas studied systematically. Results: It is shown
from the data that, (a) the extent of carbamoylethylation expressed as N%
increases by increasing the extent of hydrolysis and duration; (b) the graft
yield expressed as m.mol monomer/100 g sample of different monomers
onto carbamoylethylated pregelled starch and carbamoylethylated hydro-
lyzed pregelled starches increases by increasing the extent of
carbamoylethylation and degree of hydrolysisand followsthe order: MAam>
MAN >MAA, and (c) cotton fabrics sized with grafted carbamoylethylated
hydrolyzed pregelled starch acquire higher mechanical propertiesi.e. ten-
sile strength, elongation at break, and abrasion resistance values than hy-
drolyzed pregelled starches, carbamoylethylated pregelled starch and
carbamoyl ethylated hydrolyzed pregelled starches. Conclusions: Using the
above tailored modified pregelled starch derived productsin sizing of cot-
ton textiles contributed to reinforcement the cotton textile after sizing to
over come the forced loss in fabrics/yarns during weaving process.
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INTRODUCTION

Starchisprobably the most abundant and low cost
naturd polymer commercialy availableafter cellulose.
So, itsderivativesare of interest for food and non-food
applicationse.g. in paper, pharmaceuticalsaswell as
textiles. However, the uses of starch are often limited
by unfavorable characteristics, such asrelatively high
molecular weight, low solubility inwater, thetendency
of retrogradati on etc., depending upon thegpplication™.
To extend their application, functional groupscan be
introduced into starches by anumber of physical or
chemical modificationsin order to providestarcheswith
improved or specific properties. M odified starchesgen-
eraly have markedly dtered physicochemical proper-
ties, compared to their native starches, depending on
the degree of substitution and the type of functional
groupsintroduced?. Specificdly, sarchethers i.e. cya
noethylated?, carbamated®, carboxymethylated,
hydroxypropylated®, allylated®, and methallylated
starched™, comprisesawiderangeof industria prod-
uctsof different degree of subgtitution and useful physi-
cochemica properties. For example, theintroduction
of hydroxypropylated group or carbamate groupsin
mai ze starch weakens the bond strength between the
starch molecules and thereby increasesthe swelling
power and the sol ubility of the starch granuleupon hest-
ing38l,

Based on the above, considerable research and
technica work hasbeen reported sofar, that chemical
modification of starch or modified starchviavinyl graft
copolymerization constitute the most important fasci-
nating field for improvethe starch properties, thereby
enlargingtherangeof itsutilization®4, Starch graft co-
polymers could be achieved primarily by freeradical
initiation processed 11314 Emphasiswas placed on
high-energy ionization*>%", or cericion®*¥ and redox
Sysiem[w-zz]_

Theam of thispaper isundertaken withaview of
tailoring a novel polymeric materials based on
pregelled starch as starting substrate. For this pur-
pose, thelatter isfirst subjected to acid hydrolysisto
control themolecular sizeof pregelled starch. Starches
having different molecular sizes are then
carbamoylethylated followed by grafting using differ-
ent monomers namely methacrylamide (MAam),
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methacrylonitrile (MAN) and methacrylic acid
(MAA). Inthisway carbamoylethylated groupsaswell
as the chain molecules of synthetic vinyl polymer
modify the molecular structure of pregelled starch
through controllingitsmolecular size and substituting
some of the starch hydroxyls. Finally, harnessing of
the newly tail ored polymeric starch productsin sizing
of cotton textileswasa so studied sin detail.

EXPERIMENTAL

Materials

Pregdlled garchwaskindly supplied by Caro Com-
pany for Starch and Glucose, Cairo Egypt.
Methacrylonitrileand methacrylic acid stabilized with
0.01% hydrogquinonewerefreshly distilled at 75°Cand
pressure 13.33 kPa (100 mm Hg). They were stored
at—10°C until used. M ethacrylamide, sodium hydrox-
ide, phosphoric acid, citric acid, dimethylformamide,
sodium carbonate, potass um permanganate and etha-
nol wereof puregrade chemicals(Aldrich, St. Louis,
USA).

Prepar ation of hydrolyzed pregelled starch

Three levels of hydrolyzed pregelled starches
namely H. - H_- H_- pregelled starch having different
degreeof hydrolysis(expressed as copper number and
apparent viscosity) havebeen prepared using different
concentrations (0.5, 0.75, and 1 N) of phosphoric acid
at 55°C for (30, 45 and 60 min.) using amaterial to
liquor ratio of 1:7.5. After thedesired duration there-
actionwasprecipitated in 250 ml ethyl dcohol and neu-
traized with adilute sodium carbonate sol ution till pH
7, then washed and dried in an electric oven at 60°C
for2h. Themain characteristics of the pregelled starch
and hydrolyzed pregelled starches are given in
TABLE 1.

Chemical modifications

(1) Synthesis of carbamoylethylated pregelled
starch and hydrolyzed pregelled starches

Pregelled starch (5 g) beforeand after hydrolysis
was mixed well with (2.5 g) acrylamidein a100 ml
stoppered bottle. Thefreshly prepared catalyst NaOH
(2.5 ml) of concentration 0.25 N and 10 ml cyclohex-
ane was added to complete the total volumeto 12.5
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ml. Thereaction mixturewas stirred very well and a -
lowed to proceed at 35°C at different duration (5-30
min.) in athermostatic water bath. After the desired
reaction time, the mixturewas poured over 500 ml of
ethanal for preci pitation, and then washed severd times
with ethanol: water mixture (80:20) for 10min. for each
wash on magnetic stirrer at room temperature. It was
found experimentdly that 3-5 timeswashing with the
latter mixtureisquiteenoughtoremoveal the contami-
nants (unreacted substances). Thiswas evidenced by
measuring thenitrogen % after washing for esch sample
till constant nitrogen %, (threetimesmeasurementsfor
each sampleaswell astheir standard deviationswere
obtained). Finally, washed with pure ethanol and air-
dried.

(2) Graft polymerization procedure

Unlessotherwiseindicated, grafting reaction was
carried out under oxygen free nitrogen atmosphere
viapurging nitrogen gasinto thereaction mixture. The
agueous solution of KMnO, of known concentration
(0.1N) was placed in aglass-stoppered flask. The
latter was kept in athermostatic water bath for 15
min at 50°C. The pregelled starch or
carbamoylethylated pregelled starches (5g) wasin-
troduced into the flask and the monomer (50% based
onweight of starch) wasimmediately added, followed
by 20m.eq./ L citricacid. Thetotal volumewasthen
adjusted so asto giveatotal volume of 50 ml and the
flask contents were stoppered and shaken immedi-
ately and occasionally during the course of reaction.
Grafting was carried out for 1hr. At the end of the
reaction, theflask contents were poured over 500 ml
ethyl alcohol. At thisend, aprecipitate wasformed
which consisted of starch graft copolymer and the
homopolymer. Thelatter can be removed in case of
poly methacrylamide and poly methacrylic acid by
washing with 400 ml water —ethanol mixture (30:70)
severd times(for 15 min. each) at room temperature,
filtered and finally dried in an electric oven at 60°C
for 2h. It wasfound experimental ly that washing five
timeswith amixture of water/ ethanol (30:70, v/v) is
quite enough for complete homopolymer removal in
physical mixtures of starch/ poly (methacrylamide),
starch poly (methacrylic acid) by tracing the nitrogen
and carboxyl content of these mixturesafter eachwash

= Pyl Paper

until constant value. On the other hand, poly
(methacrylonitrile) was removed by Soxhlet extrac-
tion using dimethylformamide (DMF) for 24 hat 30°C.

(3) Proof of grafting

Thiswasdoneviameasuring the nitrogen and car-
boxyl contents by well-known standard methods of
grafted productsthreetimesfor each samples, aswell
astheir statistical data(expressed asstandard devia-
tion). In other word, both the nitrogen and carboxyl
contents in addition to standard deviation for each
sample were taken as an evidence of grafting onto
pregelled starch asacarbohydrate polymer thet isfree
from nitrogen and carboxyl groupswhenit used asa
starting substrate.

(4) Analysis

Copper number was estimated by amicro Briady
method asmodified by Heyes?3. Nitrogen content was
estimated by Kjeldahal method?! and carboxyl con-
tent wastraced according to areported method®!.

(5) Characterization

Apparent viscosity (m.pa.s) was measured by us-
ing co-axial rotary viscometer (Haake RV 20) withthe
rate of shear 516 cm™ at 90°C.

(6) Sizing of cotton fabrics

Cotton fabrics (kindly supplied by Misr company
for Spinning and weaving, EI-MehaaEl-K obra) were
padded through two dips and two nipsin the cooked
modified pregelled starch (7.5 %) at 90°C to awet
pick-up of Ca85% and dried in an electric oven at
100°C for 5min. Thesized cottonfabricswerefindly
kept at ambient conditionsfor at |east 48 h before used.

(7) Testin

Tensllestrength (T.S) and Elongation at break (%)
were measured according to ASTM procedure D-
2256-66T. Abrasion resistancewas determined using

the K-Zweigle abrader tester (Zweigle, Reutlingen,
Germany).

(8) N.B.

Bothtensilestrength, € ongation at break and abra-
sonresisanceweremeasured fivetimesfor eechsample
inadditionto their standard deviation.
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RESULTSAND DISCUSSION

Itiswell known that the molecul ar structure of the
polymer determinesitspropertiesand utilization. Inad-
dition, themolecular structureisgoverned by themo-
lecular size of the polymer backboneand substituents
present thereon. So, pregdled starch asastarting sub-
stratewashydrolyzed to obtain pregdled starch having
different molecular sizesthen substitute some of the
starch hydroxyl sby carbamoylethylated groupsalong
with ether poly methacrylamide, poly methacrylonitrile
and poly methacrylic acid chain mol eculesusing potas-
sium permanganate/ citric acid redox system asinitia-
tor. Thiswasdonefor tailoring novel polymeric materi-
asviastructural modification of pregelled starch mol-
ecules.

For smplicity, theresultsobtained are presented
and discussed under thefollowing headings:

1) Acid hydrolysisof pregelled starch

2) Carbamoylethylated of native and hydrolyzed
pregelled starches.

3) The combined effect of hydrolysis and
carbamoylethylation on grafting of pregelled starch
using different vinyl monomers.

4) Harnessing of thenewly tailored pregelled starch
polymeric derived productsin sizing of cotton tex-
tile

Acid hydrolysisof pregelled starch

Pregelled starch as a starting substrate was sub-
jected to phosphoric acid hydrolysis. Thetreatment was
carried out using different concentration of acid and du-
ration at 55°C. Detailsof the condition used aregiven
inthetext. Thiswasdoneto tailor threelevelsof hy-
drolyzed pregelled starch having different degree of hy-
drolysisexpressed as copper number and apparent vis-
cosity asanindicator for estimating theloweringinthe
molecular sizeof the parent substrate.

It wasseen TABLE 1that, thereisaninverserea
tionship between copper number and apparent viscos-
ity which were taken as a measure for the degree of
hydrolysisfor the aforementioned substratel, 11, I11 and
IV. This can be explained with respect to glucosidic
bond session of pregelled starch moleculeswhich will
create more and more aldehydic groups, thereby sig-
nificantly enhancing the copper number and decreasing

CHEMICAL TECHNOLOGY

the gpparent viscosity.

Carbamoylethylated of starch and hydrolyzed
starches

Carbamoylethylated pregelled starch based on na-
tive pregedlled and hydrolyzed pregelled starcheswere
affected viather reaction with acrylamidein presence
of NaOH asabasic catayst. Thus, wearededingwith
asystem containing pregelled starch, acrylamideand
thecatalyst. In such asystemthefollowing main reac-
tions are expected to occur:

Hy Hy
St-0—C -C -CONH,
@

St-OH + HZC:S-CONH2M4>

StOHZHZOIlI NaOH Hz Mo
- ) - - - - +a - — - -
c-c-Con St-0—C -C -COONa + NH

H
2

Figure 1 declarestheextent of carbamoylethylated,
expressed asm.mol carbamoylethyl group/100g sample.
Thedaasgnify that the extent of carbamoylethylation
of pregelled starch increases as the time of the
carbamoyl ethylation reactionincreases. Thesameholds
truefor hydrolyzed pregelled starches. It isal so seen
figure 1 that the extent of carbamoylethylation for the
hydrolyzed pregelled starchesishigher thanthat of na-
tive pregelled starch and the higher the extent of hy-
drolysis, the higher the extent of carbamoylethylation.
Thiscan beexplainedinthemanner of acid hydrolysis
increasesthe susceptibility of pregelled starchtowards
carbamoylethylation, which decreasesthemolecular Sze
of pregelled starch asevidenced by thetabular dataof
apparent viscosity in TABLE 1, thereby increasing the
surfaceareaof pregelled starch without adversely af -
fecting the starch hydroxylsthat would certainly leads
toincrease carbamoyl ethylation reaction.

Combined effect of hydrolysis and carbamoyle-
thylation of pregelled star ch on grafting

Figures 2, 3 and 4 show the effect of structural
changesin the molecul es of pregelled starch brought
about by changing the extent of carbamoylethylation
(m.mol /100g sample) onto the graft yield (m.mole
monomer/100g sample) using methacrylamide,
methacryl onitrileand methacrylicacid asmonomersand
potassium permanganate/ citric acid redox systemas
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Figurel: Effect of duration of car bamoylethylation of pregelled
starch on the extent of carbamoylethylation (expressed as
m.mol. car bamoylethyl group/ 100g sample); Reaction condi-
tions:- Pregelled starch, 5 g; Acrylamide, 2.5 g; NaOH, 2.5
ml of 0.25 N; cyclohexane, 10 ml; material to liquor ratio,
1:2.5; temperature, 35°C

BCarHIPS —— G-CarHiFs

0 2 2 2 % 5 2% b4 3 3 3
contents (m.mol-

group/100 g sample)
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Figure3: Graft yidd (m.mol. methacrylonitrile/ 100g sample)
of poly (M AN)- starch graft copolymer and poly (M AN)-
car bamoylethylated star ch graft copolymer derived fromna-
tiveand hydrolyzed pregelled star chesver suscarbamoylethyl
content (m.mol. / 100g sample); Reaction conditions:-
Pregelled starch, 5g; [KMnO ], 0.1N; [citricacid], 20m.eq./
L; [MAN], 50% based on weight of substrate; material to
liquor ratio, 1:10;time, 1 hr; temperature, 50°C

G-CarHIPS —— G-CarHIPs |

initigor.
Theresults(Figures2-4) reflect thefollowingmain
findings

a. Thegraftyiddobtained with hydrolyzed pregdled
garchesishigher than those of thenative pregdlled
starch and the higher the extent of hydrolysisthe
greater thegraft yields.

b. Thecarbamoylethylated starches derived from
hydrolyzed pregelled starchesexhibit much higher
graft yid dsthan thenativeand hydrolyzed pregelled

—=  Fyll Peper

pHOG

Graft yield (m.mol-methacrylamide grou|

20 2 2 n 24 ] 2% b2 2 ] 0

‘Carbamoylethyle Contents (m.mol- carbi lethyle group/100 g sample)

[#—GecarliPs 8-GCarH1PS  G-Car2PS — G-CarHoFs |

Figure2: Graft yield (m.mol. methacrylamide/ 100g sample)
of poly (M Aam) - gar ch graft copolymer and poly (M Aam) -
car bamoylethylated star ch graft copolymer derived from na-
tiveand hydrolyzed pregedlled star chesver suscar bamoylethyl
content (m.mol. / 100g sample); Reaction conditions:-
Pregelled starch, 5g; [KMnO ], 0.1N; [citricacid], 20 m.eq./
L; [MAam], 50% based on weight of substrate; material to
liquor ratio, 1:10;time, 1 hr; temperature, 50°C
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Figure4: Graft yidd (m.mol. methacrylicacid/ 100g sampl€)
of poly (MAA)- starch graft copolymer and poly (MAA)-
car bamoylethylated star ch graft copolymer derived fromna-
tiveand hydrolyzed pregelled star chesver suscar bamoylethyl
content (m.mol. / 100g sample); Reaction conditions:-
Pregelled starch, 5g; [KMnO ], 0.1N; [citricacid], 20 m.eq./
L; [MAA], 50% based on weight of substrate; material to
liquor ratio, 1:10;time, 1 hr; temperature, 50°C

starches, which indicate that the combined effect
of hydrolysisand carbamoylethylation increases
grafting.

c. The graft yield increases by increasing the
carbamoylethyl content of pregelled starch and hy-
drolyzed pregelled starcheswithin therange stud-
ied.

d. Thegraftyiedsof thethreemonomersused onto
carbamoyl ethylated pregelled starchesfollowsthe
order: MAam>MAN>MAA.

Based onthe abovefinding, theenhancement inthe
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graft-ability of pregdled starch by acid hydrolysiscould  Propagation of grafting
beexplanedintermsof provisonof larger surfacearea

asshown beforein carbamoylethylation. That is, the H H
graftyiddsfollow theorder: grafted carbamoylethylated St—o—gz-é' +nH 2c=é
H,-pregelled starch > grafted carbamoylethylated H,- N 1
pregelled starch > grafted carbamoylethylated H.- Y
pregelled starch > grafted carbamoyl ethylated pregel led H, 'f
starch. St—0—(CH—=CHX),—C '?'
Asdtated before, when native pregelled starch and X

hydrolyzed pregdlled starcheswere carbamoyl ethylated
beforegrafting, the susceptibility of thelatter pregelled

H

starch_polymerlcderlved p_roductstowardfsgraftlngwn_h Pg_o_gz_gz_g_,ll_gz_é, ¢ o= é
the said vinyl monomersincreasesconsiderably. This I [
reflectstheroleof carbamoylethyl groupswhich afford H X
additional activesitsfor grafting viaabstractingthela- ¢
bile hydrogen proton from imides groups of H H
carbamoylethylated starch, and thefreeradical isvery S—0—C02- 8 N—(cH,— &) -2 &

| [ |

likely formed at the nitrogen atom of imidesgroup; In
additiontothepresence of carbamoylethyl groupsaong
with the pregelled starch chainsopen up thestructure  Ter mination of grafting
of pregdled sarchwhichfadilitatediffuson of themono-
mersthereby leading toincreased grafting. With thisin

X X X

mind, the proposed interaction scheme of the vinyl St—O— (CH,—CHX), — gz_é. ‘R
monomer in question with the carbamoylethylated 2 " |
pregelled starch productsin presence of initiator may ¢ HX

be presented asfollows: |
_— . St-O—(CH,—CHX),—C=C + RH
Initiation of grafting H |

X
PSt—OH + R—» St—0 + RH
H H
H2 HZ . H2 HZ (@] | | H2 |. .
PSt—O—C -C -CONH, + R St—0—C -C _C_’}]_(CHZ_?)n_C '? +R
Y X X X
Hy Hy . ¢
H H, 0 | I |
St—O0—C -C'~C—N—(CH,—C),~C=C + RH
| | H |
. ']l H, |'|| X X X
PSt-O + H,C=C —» St—0—C'-C .
M N where PSt-OH and PSt-O-CH_-CH_-CO-NH, isthe
H pregelled starch and carbamoylethylated pregelled
H, H ) i ileR '
PSt_O_Cz_Cz_g_IL + CHX starch respectively, while R representsthefreeradica
I formed fromtheredox system.
* : Theabove postulationisin deedin full agreement
o H '|4 H '|4 with previous report (26) dealt with grafting onto
Pa—o—cz-cz-ﬁ—lil—cz-? carbamoylethylated cellulose. Onthe other hand, the
O H X order of graft- ability of thethree monomersin ques-
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TABLE 1: Main characteristicsof pregelled starch and hy-
drolyzed pregelled starchesaswell astheir statistical data

Hydrolyzed pregelled star ches

Substrate no
Copper number Apparent Viscosity* (m.pa.s)
| 0.003 £ 0.024 265
I 0.082 +0.042 230
" 1.614 +0.086 165
v 1.926 + 0.068 130

Where; Substrate I: native pregelled starch (NPSt). Substrate
I1-1V: hydrolyzed pregelled starchesto different extent (H,-, H,-
and H,- pregelled starch). £ Values are the standard deviations
of copper number samples measured three times for each
sample. *The condition of the pastes for viscosity measure-
ments was 7.5 %. Detail of the conditions used is given in the
experimental part

tions could beassociated with thedifference between
these monomerswith respect to (a) polarizability of the
vinyl doublebond, (b) solubility of themonomers, (c)
affinity of themonomer to starch and itsability to dif-
fuseintothestarch moleculesand (d) ability of themono-
mer to homopolymerization.

Application in sizing of cotton textiles

Thework presented in thissectionamsat harness-
ing the newly tailored polymeric pregelled starch de-
rived productsinsizing of cottontextiles. Thisisdone
tofind out thesuitability of thelatter polymeric materi-
asasszing agent of cotton textiles.

TABLE 2 representsthe major mechanical prop-
ertiesi.e tenslestrength, e ongation at break and abra-
sion resistance of cotton fabrics sized with native
pregelled starch, hydrolyzed pregelled starches,
carbamoylethylated pregelled starches and poly
(MAA)- pregdled starch graft copolymersderived from
native pregelled and hydrolyzed pregelled starchesto
different levels(H,-, H,—, and H,- starch) beforeand
after carbamoylethylation. Also, the physico- chemical
characteristics of these pregelled starch derived prod-
uctssuch ascopper number, nitrogen content, carboxyl
content and apparent viscosity aregivenin TABLE 2.

For simplicity, theresultswill be given under the
followingheadings
Tensilestrength
a.  Tenslestrengthof cotton fabricssized with native

pregelled starch and hydrolyzed pregelled starches

derived thereof amountsto 23.5, 24.5, 24.0 and
22.5Kgfor native pregelled starch, H, - pregel led

= Pyl Paper

starch, H,- pregelled starch and H,- pregelled
starchrespectively. Thisisagainst atenslestrength
of 21.0Kgfor unsizedfabric. It followstheorder:
H.- pregelled starch > H_- pregelled starch > na-
tive pregelled starch >H_- pregelled starch.

b. Tensile strength of cotton fabrics sized with
carbamoylethylated pregedled sarchesamountsto
24.5, 26.0, 25.0 and 24.0 Kg for
carbamoyletylated pregelled starch products de-
rived from native pregelled starch, H, - pregelled
starch, H,- pregelled starch and H,- pregelled
starch respectively. It follows the order:
Carbamoyletylated H,- Pregelled starch >
Carbamoyletylated H,- pregelled starch >
Carbamoyletylated native Pregelled starch >
CarbamoylethylatedH,-Pregelled starch.

c. Tenslestrengthof cotton fabricssized with poly
(AA) - pregdlled starch graft copolymersamounts
t025.5, 27.5, 26.5 and 25.5 Kgfor grafted native
pregelled starch, grafted H,- pregelled starch,
grafted H_- pregelled starch and grafted H.-
pregelled starch respectively. It followsthe order:
grafted H, - pregelled starch >grafted H,- pregelled
starch >grafted native pregelled starch > grafted
H,-pregelled starch.

d. Thetenslestrengthof cottonfabricsszed withpoly
(AA)-grafted carbamoylethylated starches
amounts to 26.0, 28.5, 28.0 and 25.0 Kg for
grafted carbamoylethylated pregelled starch,
grafted carbamoylethylated H - pregelled starch,
grafted carbamoylethylated H_- pregelled starch
and grafted carbamoylethylated H,- pregelled
starch respectively.

e. Findly, theincreaseintenslestrength of theszed
cotton fabricsfollowsthe general order: grafted
carbamoylethylated Pregelled starches > grafted
pregelled starches> carbamoyl ethylated Pregelled
starches > hydrolyzed pregelled starches > native
pregelled starches.

So, thegraft polymerization of methacrylicacid onto
modified starchesimprovesgreetly thesizability irre-
spective of the backbone of starch.

Elongation at break

TABLE 2 reveal sthat the cotton fabricssized with
themodified pregelled starchesunder investigation ex-
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TABLE 2: TheTensilestrength, elongation at break and abrasion resisanceaswell astheir standar d deviationsof cotton

fabricssized with different modified starch

Physico-chemical characteristics of starch and

M odified star ches modified starches

M echanical properties of sized fabrics
aswell astheir standard deviations

Copper Nitrogen Carboxyl Tensile Elongation at ~ Abrasion resistance

number content content strength Kg break (%) (cycle)
Unsized fabric - 21+ 0.11 8.6+ 0.20 880+ 3.51
Native pregelled starch  0.003+ 0.024 3.5+0.08 23.5+0.09 9.1+ 0.11 911+ 3.53
H;-PSt 0.082+ 0.042 24.5+ 0.05 9.3+ 0.23 952+ 2.12
H,-PSt 1.614+ 0.086 24.0+ 0.05 9.3+ 0.19 932+ 0.74
Hs-PSt 1.926+ 0.068 22.5+0.05 8.6+ 0.25 907+ 0.84
Car.N.PSt 24.3+0.01 24.5+ 0.04 9.5+ 0.31 942+ 2.35
Car. H;-PSt 28.6+0.12 26.0+ 0.09 9.7+ 0.14 981+ 1.82
Car .H,-PSt 23.9+0.21 25.0+ 0.09 9.7+ 0.15 960+ 2.79
Car .Hs-PSt 37.9+0.22 24,0+ 0.17 9.5+ 0.32 923+ 2.17
P.A.G.N.PSt 34.1£ 0.36 25.5+0.13 9.7+ 0.20 958+ 2.05
P.A.G.H;-PSt 38.9+£ 0.24 27.5+0.13 9.9+ 0.11 993+ 2.55
P.A.G.H,-PSt 41.2+0.34 26.5+0.16 9.9+ 0.13 969+ 1.22
P.AG.Hs-PSt 44.8+0.12 24.5+0.20 9.6+ 0.11 933+ 2.50
P.A.G.Car.N.PSt 24.3+0.25 46.1+ 0.09 26.0+ 0.24 9.9+£0.11 966+ 2.28
P.A.G.Car. H;-PSt 28.6+0.32 55.0+ 0.08 28.5+0.19 10.1+0.14 1000+ 2.12
P.A.G.Car. Hy-PSt 32.9+0.05 62.5+ 0.02 28.0+ 0.20 10.2+ 0.14 985+ 2.17
P.A.G.Car.Hs-PSt 42.9+0.04 725+ 0.12 25.0+ 0.09 10.0+ 0.20 947+ 1.11

H,-, H,-, and H_- P (are hydrolyzed Pregelled starchesto different extent). Car. N. PS, Car. H,-PSt, Car. H,-PSt and Car. H_-PSt,
(are Carbamoyletylated native Pregelled starch, Carbamoyletylated H, -, Carbamoyletylated H,-, and Carbamoyletylated H._-
Pregelled starches. P.A. G.N. P, PA.G. H,. PS, PA.G. H,.PS, and P.A.G. H_PS, (are poly (AA)-grafted native Pregelled starch
and hydrolyzed Pregelled starchesto different extent. P. A. G. Car. N .PS, PA.G.Car. H -PS, PA.G.Car.H -PS, and PA.G.Car. H -
PS, (are paly (AA) - grafted Carbamoyletylated native Pregelled starch and Carbamoyletylated hydrolyzed Pregelled starchesto
different extent. N.B.: = Values are the standard deviations of the above samples, which measured three times for each sample in
case of physico-chemical characteristics and five times for each sample in case of mechanical properties of sized cotton fabrics

hibit higher elongation at bresk thantheorigina unszed
fabrics. It followstheorder: grafted carbamoylethylated
pregelled starches > grafted pregelled starches >
carbamoylethylated Pregelled starches > hydrolyzed
pregelled starches> native pregel led starches.

Abrasionresisance

Theresultsof TABLE 2revedsthat (a) theabra-
sionresistance of al sized fabricsishigher than that
unsized one, (b) the abrasion resi stance of fabricssized
with native pregelled starch and hydrolyzed pregelled
starches(H, , H,-, and H,- pregelled starches) amounts
t0 911,952,932 and 907 cycles against 880 cyclefor
unsized fabric, (¢) theva ues of abrasion resistance of
carbamoyletylated pregelled starchesamountsto 942,
981, 960 and 923 cyclefor carbamoyletylated pregdled
starch, carbamoyletylated H, , carbamoyletylated H,-,
and carbamoyletylated H.- pregelled starch respectively

CHEMICAL TECHNOLOGY

against 880 cyclesfor unsized fabric (d) theabrasion
resistance values of fabricssized with poly (MAA)-
grafted pregelled starches amounts to 958, 993,969
and 933 cycles for grafted native pregelled starch,
grafted H, , grafted H,-, and grafted H_- pregelled
starch respectively and followsthe order: grafted H,
pregelled starch > grafted H, - pregelled starch > grafted
pregelled starch > grafted H.- pregelled starch and (€)
theabrasionresstanceof fabricsszedwithpoly (MAA)
— grafted carbamoyletylated pregelled starches exhib-
its the values of 966, 1000, 985 and 947 cycles for
grafted carbamoyletylated pregelled starch, grafted
carbamoyletylated H_, grafted carbamoylethylated H,-
, and grafted carbamoyl etylated H_-pregelled starch re-
spectively vis-a-vis 880 cycles for unsized fabric.

Finally, thereisadirect relationship betweentensile
strength and abras on resi tance asshown from thetabu-
lar datagivenin TABLE 2.
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CONCLUSIONS

> Of al hydrolyzed pregelled starches used, H.-
pregdled garchisserving asasuitables zing agent.

»  All carbamoylethylated pregelled starches under
invedtigation aresuitableas Szing agent except that
based on H,—pregelled starch.

»  All grafted pregelled starches serve assuperior S z-
ing agent.
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