[N

uos

O 00 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26

27
28
29
30
31

Study of Starch Based Biodegradable Polymeric Surfactants for
Better Cleansing Activity

ABSTRACT

In the present case, biodegradable starch interectwithvarious surfactants has been studied for
the investigation of ability and cleansing activibf starch-surfactant-water systerfihe
surfactants investigated were sodium dodecylsuggsars), sodium
octanoate(NaOct),cetyltrimethylammoniumbromide(C)ABnd tween-20. The DS of
starch is 0.8 and the concentrations of starch waried from 0.01 to 1% wt/v. The effect
of mixing on the micellisation of the ternary sutfant solutions can be described to a good
approximation by taking into account only the effeaf the volume differencleetween the
hydrocarbon chains length. Mixed micelle formatigith starch depends on the chain-length
difference in thesame way as for starch-surfactant micelle. Aggiegadf the mixed
micelles of thesurfactantsand the polymer coilproduced a gel-like complex phase. The
water content of the gel phase in equilibrium vétjueous solution increasetien the chain-
length difference between the twarfactantsncreased. The more surface-active component is
strongly enriched in the polymer complexes of gald it showed maximum cleansing activity
of respective detergent. From the experimentalltesi viscosity, surface tension and other
physical properties it indicated that adding stairctdetergent as soap filler these properties
have changed. The complexes were analyzed andatbazad by FTIR, XRD and SEM.
Some of the complexes exhibited excellent emulsgyefficiency and surfactants performance

properties with this biodegradable starch polymer.

Key words:Sarch, surfactants, cleansing activity, surface tension, starch-surfactant complex

1. INTRODUCTION
The cleansing activity of soap-detergent is on¢hef most important phenomena in our daily

performance of surfactants. The biodegradable petgnderived from natural resources are
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potentially very interesting substitutes for Hoimdegradable petroleubrased polymers.
Anattractivefieldof application of thesepolymerghgiruseas packagingmaterials. Forthe current
petrochemicalbased productsrecycling is often eeitpracticalnor economically feasible
[1].Natural polymers such as starch, celluloserotgins are potentially very interesting starting

materials for biodegradable packaging materials.

In particulars, starch is an attractive as it iktreely cheap and abundantly available.
However, thgeneral picture emergifrgmthese
studiessthaindilutesolutiorthesurfactantmolecul@slsoripolymerchainsasmicellaror
micelle-likeclusterAgeneralphenomenorsystemsfpolyelectrolyte and
oppositelychargedsurfactasihatomplexesfthesecomponentssepaiadavater-
swollenphasieequilibriumwithverydiluteaqueoussolution.Generaklye rich

phasebehaviofsurfactantmwateisalsacharacteristicf starch-surfagart

complexe® contacwith waterThus, in complexes, the interactions may be intrd/@ - { Comment [E2]: Talking about packaging when

777777777777777777777777777777777777777 you are talking about surfactants for cleansing

intermolecular. The balance depends on the straicharameter necessary for softening the | WHY? has been refreshed

polymer, such as the nature, lengths and contenhyfrophobic groups, their distribution
along the starch, the hydration capacity, the degfepolymerization, polymer concentration
and on other parameters such as salinity, pH agdnar co-solvents [2,3]. Among the
associated polymers, amphiphilic polysaccharidek winatural non-toxic and biodegradable
carbohydrates are of particular interest. They vpeepared by the hydrophobic modification
of a variety of polysaccharides, such as corn, tpotfd], hydroxyethylcellulose,
carboxymethyl cellulose [5,6] and pullulan [7]. feasing interest has been focused on the
structure—solution property relationship of ampfliph polysaccharides [8-10]. The
associative behaviors of hydrophobically modifiedarbmxymethyl cellulose and

carboxymethylpollulan were studied after the amarabf these polysaccharides in DMSO

Yes, previous

such as hydroxyl ethylcellulose [11], carboxymethggllulose [12], xylan[13], and
carboxymethylstarch [14,15] by the esterificatidnhgdroxyl groups using classical (with
acylchloride and mixed anhydride) and unconventioethods.The interactions  of
surfactants with cationised cellulose, has nbetudied byGoddard et al. [16,17] and
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nonionic cellulose ethers have been subject of neite studies by Piculell and
Lindman[18]. The structure of starch is very simila cellulose but the difference on the
bindings, which link the monoglucose units to fothe polymer,makes their chemical
behavior very different. The polymer chains in steare much more flexible than in cellulose,
making the polymer more soluble in different sobgeiThe polymechains of amylopectin in
starch are also branched, whereas cellulose hagletaly straight chainThus, actually

starch is very different material to cellulose diespf their chemical similarity.

The Infrared spectra of starch and related compoinave been studied for a long time by a
number of authors [19,20]. These authors studied itfirared spectra in the detection of
chemical changes in starch and some other starfhetant derivatives and investigated the
effect of hydrogen bonding and change in crystalBtructure on the infrared spectrum of starch.
Starch-surfactants complex interactions of H- atifnstarch within the surfactant molecule by
the H-bonding process are now subject to IR abgorpf the functional groups which may vary

over a wide range.

From the above mentioned features, it can be dapitiat many researchers have paid their
attention on this field. In spite of half centuryy great effort, many academic aspects such as,
chemistry, chemical reactions, bond formation @rcét-surfactants interaction are still open for

discussion.The purpose of the present investigasidn explore the effect of starch interaction

this statement? sentences have been checked.

on various surfactants for better understanding echanism of starch and surfactants- {Comment[E4]: Is there something wrong with

complexes studied by the ternary phase diagrarerfatial surface tension and viscometric
measurement. The instruments like XRD, SEM, FT-IR. evere used to characterized the

product samples in these investigations.

2. MTERIALSAND METHODS

2.1 Materials

Starch was purchased from UNI-CHEM, China and kgrde of substitution (DS) was
0.80starch solution was prepared by heatingin wiatean autoclaveat12Gfor 30min.All

solutions were prepared at least 24h before measuts were performed. The surfactants
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sodium dodecylsulphate(SDS), N-cetyl-N,N,N-triméd#mymoniumbromide(CTAB), sodium
octanoite(NaOct) were purchased as analytical grade were used without further
purification.The water used was ion exchanged arnidtilldd.lts conductivity, and
reducedviscosity were 2.0 ps and 4.0/tnol,respectively and its surface tension was 7106x
%+0.5 N/m at 36C. All other chemicals were analytical grade aneédusvithout further

purification.

2.2 Methods

2.2.1 Surface and interfacial tension measurements

\Surface tension was measured with a drop weighhode{Stalagmometer |Instruments).In the
calculationof surface tension;the correction fastasf Huh and Mason [21]were used.
Thereproducibleresultsbetween measurementsof tieesample was +0.5 N/m. The results of
the surfaceension measurement were calculated from the emuaglow:

__mg
v 2irf

where, fis equalt(% ,V is the volume of the drop and r is its radiug, isithe weight of falling
\

drop angfis its surface tension.

A drop of the weight (mg) given by the above equratias been designated as the ideal drop.
Repeated measurements (2-4 times) were conductesham sample from which equilibrium
surface or interfacial tension values were obtaimgéveraging the values at very long periods,
where the surface and interfacial tension valuesvel little or no change with time. Prior to
running tests with the starch solutions, the imatnt was calibrated with water and then

checked by measuring the interfacial tension betwester and pure starch.

2.2.2 Viscosity

Viscosities were determined with an Ostwald viscmaccording to British standard (Fisher
Scientific TM200) with a fluctuationof+0°C was used. The flow of time was recorded by a
timer accurate up to £0.01 second. At certainasiait/starch ratios the aggregates formedwere
very mobile flocks, which tended to form in the gd@s. Thiscould be partly avoided

bydraining thecapillary fully between measuremeiitse results othe viscosity values were

4
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calculatedfromequation below:

(t _to)
1%
c

Mrea =

wheretis the measured efflux time of solutions gfdthe efflux time of thepure solvefwater)

and C is the weight concentration of the surfactstairch &surfactants mixed polyﬂer. __ - | Comment [E5]: Al the equations should be
removed from the text and labeled with appropriate
numbers. without equation no way to express the
reduced viscosityand surface tension

2.2.3 SEM analysis

Scanning Electron Microscope (SEM) of potato starsbrfactant and starch-surfactant
complexes were less than 4% moisture content befamined. Dried sample were taken onto
the double-sided adhesive tape attached to thenspes tub. The excess sample was removed
and the sample was placed in fine coater of goltieg for 150 sec. The coated sample was
then placed in the sample chamber of the SEM. @hgpke was examined at a magnification of
2,500 and 6,000 with the accelerating voltage ok\LO

2.2.4 FTIR spectroscopic analysis

Potato starch is a polymer, cetyltrimethylammonibramide (CTAB) is a cationic surfactant
and sodium dodecyl sulphate (SDS) is a anionicastaht. About 0.2 g sample was dried in an
electric oven at 10& for 30 min. Tween-20 is a non-ionic highly vissdiguid. About 10ml
sample was taken into glass tray and dried alQ.®ar 2h. Samples with KBr was ground with a
mortar-pastle and a pellate was made.FTIR of thepKBatewas measured with Shimadzu
FTIR-470 infra-red spectrophotometerbetween 400004cn.

3. RESULTSANDDISCUSSION
3.1 Surface active properties

Some of the prepared starch-surfactant mixture rlatﬂehe surface tension of water, namely at -| Comment [E6]: You have generally not discussed

effect of all the surfactants. Please do discuss them

lower concentration of the sample Tablel. The fionetl properties of some of the prepared You | inthe textallthe three surfactants effect has been

discussed

have generally not discussed effect of all theastaints. Please do discuss themsurfactant and
starch mixed surfactant solutions were testedfoulgifying efficiency, washing power and anti-
redepositiveefficiency. The emulsifying efficienayas characterized by the stability of the
paraffinic Tween-20/water emulsions and other suafiat mixture at definite rati¢. The results

summarized in Table 2 shows that some of the siarfiaenade emulsions of the oil/ water type

5
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of the commercial emulsifier Tween-20. Some of tésed mixture showed excellent washing | Has been checked.

power exceeding that of the anionic detergent, n8M8& containing dodecyl chains. The anti-
redepositive efficiency was higher than the stgr8DS, but moderate in comparison to starch

used as a co-builder in detergents [22].

3.2 Analysis by viscometric measur ement
Table 1.The value of surface tension of all types of sugats with added starch.

Log conc. of  Conc. of Surface tension Surface Surface tension Surface tension

surfactant surfactant of SDS mixed tension of of Tween-20 of NaOct mixed

solution (%)  solution, with starch CTAB mixed  mixed with starch
Mol/dm? (M) soln.(N/m) withstarch withstarch soln. soln.(N/m)

soln. (N/m) (N/m)

-2.00 0.01 49.11 49.19 49.11 48.88
-1.69 0.02 48.02 47.15 47.19 47.08
-1.52 0.03 45.35 45.67 45.75 45.34
-1.39 0.04 44.31 44.89 44.61 43.38
-1.30 0.05 43.13 44.15 43.63 42.80
-1.22 0.06 42.95 43.37 42.84 42.24
-1.15 0.07 42.73 42.69 42.45 41.98
-1.09 0.08 42.55 42.46 42.05 41.88
-1.04 0.09 42.52 42.45 42.05 41.86
-1.00 0.10 41.51 42.41 42.07 41.86

Table 2.Critical micelleconcentration®f binary surfactantmixture of SDS, CTAB, Tween
20 andNaOCit.

Mole SDY sSbs CTAB/ NaOCY NaOCt/ SDY
fraction CTAB Tween 20 Tween 20 CTAB Tween 20 NaOCt

0 0.98 0.071 0.071 25.0 23.0 8.32
0.17 1.10 0.074 0.081 28.2 27.9 9.75
0.25 1.26 0.090 0.092 30.1 28.6 10.5
0.50 1.60 0.128 0.122 39.6 37.2 15.0
0.75 2.32 0.212 0.236 52.7 56.3 24.4
0.83 3.03 0.296 0.406 62.3 72.3 322
0.91 3.67 0.403 - 73.2 76.5 -
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Fig. 1 Reduced viscosities of solutiolof potatostarch(0.01 wt.%,DS=0.80) andNaOcf{second
surfactant mixtures.The surfactants were NaOdte ), NaOct/CTAB (V¥), NaOct/SDS
(%) and NaOct/Tween-20 A). The molar ratio of the surfactantsin the surfactant
mixtures was 1:1Thetwo-phaselomain is indicated by the dottline.
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Fig. 2 Reduced viscosities of solutionof starch (0.01 wt % DS=0.80) and SDSCTAB

mixtures. Themolar ratios of thesurfactantswerel:0 (¥), 3:1 (X), 11 (e»), 1:3
(A) and 1:5 ). The twc-phasedomainis indicated bythe dotted line.
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Fig. 3 Surface tensions of solutioof potatostarch(0.01 wt.%,DS=0.80) andSDSYCTAB
mixture. Themolarratios of thesurfactantsvere 1:1( @ ), 3:1(x), 1:0(V), 1:5(A)
and 1.5 «).The twophase domain is indicat by thedotted line.

Fig. 4. Surface tension of solutionof potato starch (0.01 wt.%, DS=0.80)and NaOct/second
surfactant mixtures. The surfactants were NaOdqtes), NaOc/CTAB(V),
NaOct/SDS () and NaOc/Tween-2QA). The molar ratio ofthe surfactantsin the
surfactanmixture wasl:IThetwo-phaselomain is indicated by the dotted li
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Fig.1 shows the reduced viscosity of stasdfiuions containing differensurfactantmixtures.
The viscosity drop occurs at lowasoncentrations athe hydrocarbonchain length of the
secondsurfa¢ant is increased. Thus, the interacti@pendsnarkedly on the surface activities
of the surfadants. The viscosity increase when excasgfactantbegins to dissolve and at the
same time, the added excesmsrfactantbegins to form free micelles. Thus, tésulis an
increased viscosity. Theurfactant concentratiah whicltthe sudden viscosity reduction
occurred and increasedien the NaOct/CTAB molar ratiois decreasethe viscosity
becomesminimum leveldue to the chargautralizationat a highersurfactant concentration
than with the purdNaOct.From comparison studies at fixed starch conceotrdiut variable
surfactants concentration, it has been found thaegain concentration of surfactant surface
tension value is minimum which indicated maximunearising activity appeared at the
mentioned points.Fig.2 shows the variation of molar ratio of two surfadta the log
concentration vs. reduced viscosity. With an inseeaf log concentration of molar ratio the
reduced viscosity decreased. Such behavior confiirasexistence of a strong interactions
between starch and surfactant.lt can also be skemFigs.3 and4 that log concvs surface
tension values plot at fixed Critical micelle contations, the value of surface tension is
minimum but after increasing logconc the surfacssiten curve is level offFigure 3 shows the
surface tension of solutioraf NaOctantNaOct/CTAB mixtures in 0.0tt.% starch solutions
as a function of theurfactantconcentrationCritical micelle concentrationsre indicated by
sudden changes ite slopes of the curves.When part of the NaOct isaega by CTAB, the
CMC(critical micelle concentration)increases withircreag in mole fraction of theshort-
chain surfactantAt concentrationsconsiderably above those valuesmresponds to charge
equivalence betweethe amounts ofsurfactantand starch, a complephase containing
highconcentrationsofsurfactants andbolymer is formed. The phasseparationcan be
observed visually as a clouding of the samplee two phase area is represented by a dashed
line in therigs.1 and 2. Phaseseparatioriakes placat highersurfactant concentratiorghen
the fraction of NaOct increase@~ig.2). Increasing thenole fraction ofNaOct above 0.83 does
not significantly affect the CMC, but the two phasea extend® higherconcentration§ig.3
shows the surface tension whermixture of NaOct andshorter-chain surfactans added
(1:1mole ratio) at constant starcloncentrationAlthough the effect is not very marked, the
CMC is always higher than for pure NaOct. $hdt decreases when the chain length of the
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secondsurfactanincreasesT heconcentratiorat which thegel phaseeparatio increases in the
order NaOcCTAB<SDS<Tween20Redissolution,which is not complete with th
highly chargedstarch (DS=0.8(), also takes place at a slighthigher concentrationthe
shorter is the chain length tie secondsurfactantHere it is mentionethat starctis obtained
from nature,but detergent is chemical substance which iimful for water living organisis,
and not only thisthe product is biodegradable heiit is also eco-friendly.

3.3. H-bond for mation with surfactant

Tail Head

o

@ s e Koy, ey om—er—ondiner |
T 2 7 EE CHECH3§
Starch polymer bt fermtion Non-polar part of hydrophobic  Polar part of hydrophilic
Surfacint Cationic surfactant (CTAB)
Fig.5H-Bond formation starch wit Fig. 60nlycationic surfactant molecu

cationic surfactants.

Tail Head
.......... ~
0
! i :
: H3C—(CH2)11f.*O—|S|—O'Na+:
I i !
,,,,,,, o
Non-polar part of hydrophob, Polar part of hydrophill
on-polar part of hydrophobic olar part of hydrophilic Hydrophilic part Hgdrophobic part
Anionic surfactant (SDS) Non-ionic surfactant (Tween 20)

Fig. 7 Only anionic surfactant molecuFig. 8 Only Non- surfactant molecule.

FromFigs. 5and 6, it can beseen that starch molecule have many hydroxyl grangshydrogel
atoms which may bind witionic surfactant molecule throughH-atom caliatermolecularH-
bond. So breakdown of thebend: are easily occurred in hydrophilic andtordropholic parts

of surfactant molecule. Hencecleansing activity increasedby adding starc in ionic

10



243 surfactants(SDS,CTABAgain, the non-ionic surfactants are unablenteke +-bond formation
244  withstarch moleculd. is clearly indicate that starch hasbviously the property of cleansi
245  activity when it is used nicely @map or detergent filler in so@@tergent industr

246

247 3.4 ScanningElectr onMicr oscopy(SEM)

248  Figs. 7a,b, ¢, d and e show the individuasurface image of starch, SD8arcl-SDS mixture,
249 CTAB and starcfETAB mixture respectively studied by SLIt can beseen dm Figs. 7a, b c,
250 d and e that the surfae imagesof the starch and surfactant ageite differentfrom each other.

251 The surfaces of the star¢BDS andmixture of these two looks likegranules, -corn and needle - - { comment [E8]: What of images of CTAB, NaOct
and Tween20more one surfactant image w

252 like respectivelySimilar effect was observed in the case of othgastants. So, it is clear that a included and sufficient for understandi

253 certain temperature and contation, thestarch interacts with the surfacs through the
254  formation of Hbonds and changes its surface strut.

255
L 4
256
257
258
IPD_BCSI{? ”If;OKV 67.5mm x300 SE é/2v7‘/2012
260 c. Starch with SDS mixture d. CTAE
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(e) Starch witlCTAB mixture
Fig. 7SEM image of(a) starch, (b SDS(surfactant), and (c)starch wilDS mixtur,, (d) CTAB
(surfactant) ange) starch with CTAB mixtut

3.5FTIR Spectroscopy

It is always difficult to visualize the fundamentalode of vibration of polymeric molecules
Hydroxyl groups show stretching (alc the chemical bonds) and bendiog deformation(a
right angles to the chemical bonds) modes that gae to absorption in approx ranges 3-

3100 and 1500-600 cfrespectively. All molecule possessing the hydroxyl group will sh
such bands; the exact position of the absorptio®avill vary with the local environment of t
group. Detailed assignments for the bands observegectra of starch and surfactant comple
show a sharp peak at arouBd00cnifor hydroxyl group. In cse of no-ionic surfactant

(Tween-20).Fig. 8c does notshow any shapeak for hydroxyl group tereasa comparative

77777777777777777777777777777 absence? bond formation with ionic surfactant by
H-atom

sharp absorption peak is obsenin Figs. 8aand 8b. {Both CTAB and SD&re ionic surfactani W Comment [E9]: What is the implication of this

atom‘. __ — 7| Comment [E10]: Not meaningful has been
77777777777777777777777777777777777777777777777777777777777777 corrected
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Transmittance

4804
48.0 |
48.0 4

04 ixture
- 184 384 |

28.8 —
288 - 288

Transmittance
Transmittance

19.2 4 1l 19.2 o

19.2 4

Starc
9613 I 96 | 96 —
1640 c1pB J |
164( (
3600 Mixture 0 340( SDS 3400 Tween2
00 100 3‘000 z‘onu w‘sun I‘UOU ‘soo " %0 3000 2000 Tso0 Too0 Yo 000 2000 2000 1500 To0o Lo
Wavelength ) Wavelength (cm™) Wavelength (cm™)
Fig.8(a) FTIR Spectra of I: Fig.8(b) FTIR Spectra of I: Anionic  Fig.8(c) FTIR Spectra of I: Non-
Cationic (CTAB) surfactant, II: (SDS) surfactant, Il: Starch and lll:  ionic (Tween-20) surfactant, II:
Starch and IlI: Their mixture theirmixture Starch and IlI: Their mixture

From the IR spectra ¢figs. 8.a, b and c,

_ - 7| Comment [E11]: These figures need to be made
visible Only for comparison studies in between
i. At 3400 cm, -OH vibration in C-OH group; them
i At 1640 cm', C=0 stretching in —C-OH group;
iii. At 1375 cnit, -O-H in plane deformation in secondary alcohglioup;
iv. At 3650 cnt, N-H vibration in C-OH-N group;
V. IR absorption spectraconfirms the complexes in betwstarch and ionic surfactants
(CTAB and SDS). To bind each other by the H-atarfarm inter molecular H-

bonding with the help of dipolar moment partiallpsjtive and negative charge

required.Figure 5 and 6 are shown above mentionibgrbut starch and Tween-20
do not form any H-bonding due to lack of partiabipwe and negative charge in non
ionic Tween-20 surfactant.

The influence of ionic surfactamoncentrationn properties of starch based films was

analyzedbyFTIR spectra—mechanical-properties-ofthe-films—water-solubility—and-film
morphdogyasreportabelowt | - {Comment [E12]: Why is this presented in FTIR

section Please delete
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a substance is transparent with FTIR? Justify No

__ - 7| Comment [E13]: Why is it here, can we know if
need

evident, due tothe stretching frequency ofthe-OH group, and a band2820cm "™ Comment [E14]: No it asbeengen

lattributabdleto C-H stretching vibration [23].The presence afstrong absorption band

at1648crmiconfirms the presence ofabsordedwd@g[jnfgqrﬁfggtgﬁnﬁt.j’fhﬁeﬁ pgpggpxj[;{l;g:/{mmment [E15]: )

andl337 cmtare assigned to -Gfbending in plane and C-OHberdingvibration, Wf;ﬂ?;";[sgjfgso‘ffetj@g;fﬁﬁi'zSfﬁ;’;;’d'd
water

respectively. The band at1149¢mmdueto C-O-C anti-symmetricbridge stretching[24]T he
FTIR spectrum of a CTAB film ishown inFig.8b.The broad absorption band at3260cm
lis due to the stretchingfrequency of theH group [25] which overlaps the-OBiretching
region at 348-3440cm'. Theband at 2876ctisdue tothe C-H stretching vibration. The
bands around14Bhdl319cmtare assigned tCH2scissoring and-OH bending vibration,
respectively. The band atl08®lisdue to CH-O-CH, stretching [23].Spectr of CMC

films showed peaks around 159@ 2 attributable to anti-symmetric vibration @O0 groups

77777777777777777777777777777777777777777777777 Sentences have been changed

[26] and [28]. | Addingionic surfactant (SDS,CTAB)oncentrations to StaI’Ch///{Comment[E17]:Checkthispresentation }

filmsresultedinsimilar characteristics in the FTIR spectiéids. 8a and 8b). This indicated
that the anti-synmetricand symmetric vibrations of=®and C-O bonds were enhanced,

probably due tahe disruption ofintermoleculam-bondsbetween polar group present in SDS

within the OH band. Don’t forget the structure of
starch : Disruption of H-bond occurred between
starch and ionic Surfactant (SDS, CTAB).

and CTAB molecule [ caused by added starch [26]. sVhametric COQ _. - | Comment [E18]: This can only be measured
stretchingwasfoundat~1411cninall film samples. The water absorption band ofx=va
starchat1648cndisappeared upon addition of CMC.The broadband témtaaround

327@&mtappeared in all films and was caused®H stretching andntermolewlar/ intra-

molecular hydrogenbonds[26]. TheN-H band of CTAB and starch occurredat
3267and261cm respectively. By blendingtarchwith CTAB, the/O-H band of films shifted - {gf:xr::n[;lzgétﬁ:et:nd or the peak? Band is }
to 3265-3272cm.The band of C-OH bending of starch film thatppearedat 1337cm'was
shifted t01322-1333crwithSDS addition. Xuetal. [28]reported thtite esterbonds were
mostly formed betweerthe hydroxyl groupsin amylopectinbranches of starch and

diazonium saltgroup of CTAB, forming a stablerosslinked structure.This is likely what

occurred inthe composite starch—ionic surfactant complexes filod&d here. These results

14
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starch-gelatin films [30&ndcornstarch-CMC-nanoclay bio-composiiens [31].

4. CONCLUSION

The investigtions presented in this paper show that stronig ioteraction occurs between
cationic and anionic surfactants (CTAB, SDS) exgept-ionic surfactant (Tween-20) and
starch polymer, leads to phase separation and pietodn of the formed amorphous
complexes. Complex formation on starch depend$ierchain length difference in exactly
in the same way as for free mixed micelles.The i¢pd complex phase is a hydrophobic,
highly viscous and gel like containing 40 to 60%tevaThe highly and low water content
of the complex phase indicates that the interastibbetween the starch and ionic
surfactants are very strong and they are capable reffective cleansing than normal
detergent available our indoor market but also &grddable and eco-friendly for
environment.The lonic surfactants (CTAB, SDS) anamntrations above its critical
micelle concentration reduces the inter-polymereisson through micelles formation
around hydrophobic (alkyl group) groups. The preseof a miscible starch molecule also

reduces inter-polymer association by preferentaiation of the hydrophobic groups.
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