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Studyof Starch Based Biodegradable Polymeric Surfactants for
Better Cleansing Activity

ABSTRACT

In the present case, biodegradable starch interectvithvarious surfactants has been studied
for the investigation of ability and cleansing ait$i of starch-surfactant-water systerihe
surfactants investigated were sodium dodecylsupli@DS), sodium octanoate (NaOct),
cetyltrimethylammoniumbromide (CTAB) and tween-dZle DS of starch is 0.8 and the
concentrations of starch were varied from 0.01 % Wt/v. The effect of mixing on the
micellisation of the ternary surfactant solutiolas de described to a good approximation by
taking into account only the effects of the voluifference between the hydrocarbon
chains length. Mixed micelle formation with stamdpends on the chain-length difference in
the same way as for starch-surfactant micelle. Aggregatf the mixed micelles of the
surfactantsand the polymer coilproduced a gel-like complex phase. The water cardkn
the gel phase in equilibrium with agueous solutimreasedvhen the chain-length difference
between the twosurfactantsincreased. The more surface-active component risngiy
enriched in the polymer complexes of gels and awsd maximum cleansing activity of
respective detergent. From the experimental refltgiscosity, surface tension and other
physical properties it indicated that adding stairchdetergent as soap filler these properties
have changed. The complexes were analyzed andotbarad by FTIR, XRD and SEM.
Some of the complexes exhibited excellent emulsgiefficiency 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 onthefmost important phenomena in daily life for

the modern society. Thus the improvement of agtioftsoap-detergent is obviously required for
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the better quality and performandene biodegradablpolymers derived from natural resources
are potentially very interesting substitutes fom#odegradable petroleutrased polymers.

Anattractivefieldofapplication of thesepolymers is theirasgackagingmaterials. Forthe current
petrochemicalbased productsrecycling is often eeitpractical nor economically feasible
[1].Natural polymers such as starch, celluloserotgins are potentially very interesting starting

materials for biodegradable packaging materials.

In particular starch is attractive as it is relatwcheap and abundantly available. However, the
use of native starch for packaging materials istéchdue to its low moisture resistance, poor
processibility (high viscosity), high brittlenessd incompatibility with hydrophobic polymers.
Further modification of starch is therefore reqgdite introduce hydrophobicity and to improve
mechanical and moisture barrier properties. Thus ifteractions may be intra and/or
intermolecular. The balance depends on the stricfperametemecessary for softeningthe
polymer,such as the nature, lengths and content of hytmip groups, their distribution along
the starch, the hydration capacity, the degreeobfnperization, polymer concentration and on
other parameters such as salinity, pH and orgaoisotvent§2,3]. Among the associated
polymers, amphiphilic polysaccharides with a ndtooa-toxic and biodegradable carbohydrates
are of particular interest. They were prepared Hgy tydrophobic modification of a variety of
polysaccharides, such as corn, potato [4], hydribwyeellulose, carboxymethyl cellulo$8,6]
and pullulan [7]. Increasing interest has been $eduon the structure—solution property
relationship of amphiphilic polysaccharides [8-1Dhe associative behaviors of hydrophobically
modified carboxymethyl cellulose and carboxymetbilldan were studied after the amidation
of these polysaccharides in DM37].In a previously study, the hydrophobization of vas
polysaccharides were investigated, such as hydetkylcellulose [11], carboxymethyl cellulose
[12], xylan[13], and carboxymethylstalid,15py the esterification of hydroxyl groups using
classical (with acylchloride and mixed anhydrideyl ainconventionalmethods.The interactions
of surfactants with cationised cellulose, hasen studied b¢oddard et al[16,17fand
nonionic cellulose ethers have been subject oinsrte studies by Piculell and Lindman[18].
The structure of starch is very similar to cell@dplsut the difference on the bindings, which

link the monoglucose units to form the polymmgkes their chemical behavior very different.
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The polymer chains in starch are much more flexibé in cellulose, making the polymer more
soluble in different solvents. The polymamains of amylopectin in starch are also branched,
whereas cellulose has completely straight chBmus, actually starch is very different material
to cellulose despite of their chemical similarity.

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

over a wide range.

From the above mentioned featuré@scan be depictedat many researchers have paid their
attention on this field. In spite of half centurf great effort, many academic aspects such as,
chemistry, chemical reactions, bond formation @mc$t-surfactants interaction are still open for

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

with various surfactants and the better understendhe mechanism between starch and
surfactants complexes studied by the ternary plisagram, interfacial surface tensionand

viscosity measuremenflhe instruments like XRD, SEM, FT-IR, etc. were dise 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 wiatem autoclaveat12Gfor 30min. All
solutions were prepared at least 24h before memsnts were performed. The surfactants
sodium dodecylsulphate(SDS), N-cetyl-N,N,N-trimdédmymoniumbromide(CTAB),

Sodium octanoite(NaOct) were purchased as andlygiGale and were used without further
purification.The water used was ion exchanged arsdlldd.lts conductivity andreduced
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viscosity were 2.0 ps and 4.0 dmol,respectively. Its surface tension was 71.5%105 N/m

at 30C. All other chemicals were analytical grade anedusithout further purification.

2.2 Methods

2.2.1 Surface and interfacial tension measurements

Surface tension was measured with a drop weighhade{Stalagmometer Instruments).In the
calculationof surface tension;the correction fast@f Huh and Mason [21l]were usethe

reproducibleresults between successive measureroénteesame sample were+0.5 N/ifthe

results of the surfacension measurement were presenteq)aga(ues calculated frop= ngf ,
T

where, fis equaltd-g ,V is the volume of the drop and r is its radiug, imthe weight of falling
\"

drop angfis its surface tension. A drop of the weight (mg)eg by the above equation has

been designated as the ideal drop. Repeated messnise(2-4 times) were conducted on each
sample from which equilibrium surface or interfad¢ension values were obtained by averaging
the values at very long periods, where the suréakinterfacial tension values showed little or
no change with time. Prior to running tests witle tetarch solutions, the instrument was
calibrated with water and then checked by measutiegnterfacial tension between water and

pure starch.

2.2.2 Viscosity

Viscosities were determined with an Ostwald visctamaccording 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 certainasahnt/starch ratios the aggregates formed
were very mobile flocks, which tended to form ire ttamples. Thigould be partly avoided

bydraining thecapillary fully between measurementbe results ofthe viscosity values

(t-ty)
calculated from _ i, where tis the measured efflux time of solutionsl gis the efflux
red c

time of the pure solvent (water) and C is the weigbncentration of the surfactant, starch

&surfactants mixed polymer.
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2.2.3 SEM analysis

Scanning Electron Microscope (SEM) of potato starshrfactant and starch-surfactant
complexes were less than 4% moisture content befaamined. Dried sample were taken onto
the double-sided adhesive tape attached to thenspies tub. The excess sample was removed
and the sample was placed in fine coater of go#tieg for 150 sec. The coated sample was
then placed in the sample chamber of the SEM. a@hgke 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, cetyltrimethylammonibromide (CTAB) is a cationic surfactant
and sodium dodecyl sulphate (SDS) is a anionicastafht. About 0.2 g sample was dried in an
electric oven at 10& for 30 min. Tween-20 is a non-ionic highly vissdliguid. About 10ml
sample was taken into glass tray and dried at@®&r 2h. Samples with KBr was ground with a
mortar-pastle and a pellate was made.FTIR of thepkKBatewas measured with Shimadzu
FTIR-470 infra-red spectrophotometer between 49000 cn".

3. RESULTSANDDISCUSSION

3.1 Surface active properties

Some of the prepared starch-surfactant mixture edvéhe surface tension of water, namely at
lower concentration of the sample Tablel. The fionei properties of some of the prepared
surfactant and starch mixed surfactant solutionewested for emulsifying efficiency, washing

power and anti-redepositiveefficiency. The emulsdy efficiency was characterized by the

stability of the paraffinic Tween-20/water emulssoand other surfactant mixture at definite
ratio. The results summarized in Table 2 which swwhat some of the surfactant made
emulsions of the oil/ water type stable even . Their efficiency was comparable to that of
the commercial emulsifier Tween-20. Some of thdetksnixture showed excellent washing

power exceeding that of the anionic detergent, n&M& 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].



152 3.2 Analysis by viscometric measurement

153
154  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

155

156

157  Table 2.Critical micelleconcentration®f binary surfactantmixture of SDS, CTAB, Tween
158 20 andNaOCt.

159
Mole  SDY SDY CTAB/  NaOC{  NaoCU  Sby
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 32.2
0.91 3.67 0.403 - 73.2 76.5 -
1.0 95.5 0.993 96.7 95.5 97.5 95.5

175

176

177



178

182
183
184
185
186
187
188
189
190
191
192

reduced viscosity

=]
il

reduced viscosity

<

-6

0
(&)
=
2 &
N
.
et

Fig.1 Reduced viscosities of soluticofpotato Fig. 2Reducedviscosities of solutiolofstarct
starch{0.01wt.%PS=0.80)andNaOctseconisurfactantmixturesThe (0.01 wt %,DS=0.80)and
surfactants were SDSCTABmixtures The molaratios ofthe
NaOc{ @ ),NaOct/CTAR ¥ ),NaOctSDS()andNaOct/Tween- surfactantwerel:(¥),3:1(X),1: e ), 1:3
20(A). Themolarratioothe (A) and 1:5e).The two-phase

surfactantmthesurfactanmmixtureswasl: . Thetwo-phase

isindicated bythedotted line.

domain domairisindicated bythedotted line.

Fig. 3 Surface tensions of soluticof
potatostarch (0.01 wt.%, DS=0.80) anc
SDS/CTABmixture. The molar ratios ofthe
surfactantwerel:] @ ),3:1(x),1:0
(¥),1:3(A) and 1:%e).The twophase
domainisndicated byhedotted line.

Fig.4 Surface tension of solutioofpotatstarch (0.01 wt.%,
DS=0.80)and NaOct/secondsurfactamixtures. The
surfactantwere

NaOc{ @ ),NaOct/CTAR ¥ ),NaOct/SD %@ )andNaOct/Tween-
20( A).Themolarratioahe surfactaninthesurfactanmixture
wasl:1Thetwo-phaselomain isindicated byhedotted line

Fig.1 shows the reduced viscosity of stasoluions containing differensurfactanimixtures.

The viscosity drop occurs at loweconcentrations athe hydrocarbonchain length of thi

secondsurfadantis increased. Thus, the interactidependsnarkedly on the surface activiti

of the surfadants. The viscosity increase when excsurfactantbegins to dissolve and the

same time, the added excesgrfactantbegins to form free micelles. Ts, theesulis an

increased viscosity. Theurfactant concentratiat whiclthe sudden viscosityreduction

occurred and increasedien the NaOct/CTAB molar ratiois decreasecThe viscosity

becomesminimum leveldue the chargeneutralizationat a highersurfactant concentratic

than with the puré&daOct.From comparative studieat fixed starch concentration but varia

surfactants concentration, it has been found theg¢rain concentration surfactar, the surface
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tension value is minimum which indicated maximumacisingactivity at thementioned points.
Fig.2 shows the variation of molar ratio of tveairfactants; the logoncentration vs. reduced
viscosity. With an increasef log concentration of molar ratio the reduceccesty decreased.
Such behavioconfirms the existence of a strong interactionsvbeh starch and surfactadit
can also be seen froRigs.3 and 4 that log concvs surface tension values plot adigritical
micelle concentrations, the value of surface ten@aminimum but after increasing log.conc. the
surface tension curve is level offiig. 3 shows the surface tension of solutionsf
NaOctantNaOct/CTAB mixtures in 0.0t.% starch solutions as a function of siefactant
concentrationCritical micelleconcentrationsre indicated by sudden changeshiaslopes of
the curves. When a part of the NaOct is replacedCdAB, the CMC(critical micelle
concentratio)increases withan increase imrmole fraction of theshort-chain surfactamtt
concentrationgonsiderably abov&nose valuesomresponds te@harge equivalence betwetre
amounts osurfactantand starch, a complgghasecontaining highconcentrationsstirfactants
and polymer is formed. The phaseparationcan be observed visually as a clouding of the
sampleThetwo phase area is represented by a dashedhlithes=igs.1 and 2. Phaseseparation
takes placeat highersurfactant concentrationghen thefraction of NaOct increasef~ig.2).
Increasing thenole fraction ofNaOct above 0.83 does not significamtliect the CMC, but the
two phase area extende higher concentration§ig.3 shows the surface tension when a
mixture of NaOct andshorter-chain surfactans added(l:1mole ratio) at constant starch
concentrationAlthough the effect is not very marked, t881C is always higher than for pure
NaOct. Thehift decreases when the chain length of thecond surfactantincreases.
Theconcentration at which thegel phase separation increases in tloeder
NaOct=CTAB<SDS<Tween20Redissolution,which is not complete with this highly
chargedstarch(DS=0.80), also takes place at a slightigher concentratiothe shorter is the
chain length othe secondsurfactantHere it is mentioned that starch is obtained fraature,
but detergent is chemical substance which is hdrfofuwater living organisms, and not only

this, the product is biodegradable hence it is atsmfriendly

3.3. H-bond formation with surfactant
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Fig.5H-Bond formation starch wit Fig. 60nly cationic surfactant molecu
cationic surfactants.

FromFigs. 5and 6, it can beseen that starch molecule have many hydroxyl graanpshydrogel
atoms which may bind witionic surfactant molecule throughH-atom caliatermolecularH-
bond. So breakdown of thebend:s easily occurred in hydrophilic andfydropholic parts of
surfactant molecule. Hencecleansing activity increasedy adding starc in ionic
surfactants(SDS,CTABAgain, the non-ionic surfactants are unablemake F-bond formation
withstarch moleculelt is clearly indicate that starch hasbviously the property of cleansi

activity when it is used nicely a®ap or detergent filler in soajetergent industr

3.4 ScanningElectronMicr oscopy(SEM)

Figs. 7a,b and ¢ show the individual surface image of starch, SD8 sararcl-SDS mixture,

respectively studied by SEMden beseen fronirigs. 7a, b and cthat the sudce images of the
starch and surfactant arpite differentfrom each other. The surfaces tbe starch, SDS and
mixture of these two look&kegranules, pc-corn and needle like respectively. It is clear,tat a

certain temperature and contration, thestarch interacts with the surfactant through

formation of Hbonds and chang its surface structure.
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(a) Starch (Burfactant SDS) (C)StarchwithSDS mixture

Fig. 7SEM Image ofa) starch, (b) surfacte(SDS) and (c) starch witBDS mixtur:.

3.5 FTIR Spectroscopy

It is always difficult to visualize thfundamental mode of vibrations of polymeric molesu
Hydroxyl groups show stretching (along the chemizahds) and bending or deformatior
right angles to the chemical bonds) modes that gsesto absorption in approx ranges 2

3100 and 1500-600 chespectively. All molecules possessing the hydrayylup will show
such bands; the exact position of the absorptiobavill vary with the local environment of t
group. Detailed assignments for the bands observepectra of starch and surfac complexes
show a sharp peak at arouBd0Ocm‘for hydroxyl group. In cse of no-ionic surfactant
(Tween-20)Fig. 8adoes no show any shipeak for hydroxyl group whereassharp absorptic
peak is observed iRigs. 8b and 8c. Both CTAB and SD&re ionic surfactants and interact w

starch due to which starcholecule form inclusion complexes with th.

48.0 —
48.0 4

i
IXture

4 —
384 — 38

2887 28.8 —

N

©

o
|

Transmittance

192 19.2 -

e}
1
—
[9)]
—+
QD —
==
o
Transmittance

96 | 96 —

| |
3600 164( SDS 3400 Tween2(
00 340(¢ 00
T T T ] 00 U T T ] - T ]

I | I [
4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500 4000 3000 2000 1500 1000 500
Wavelength (cm™) Wavelength (cm) Wavelength (cm)

F|g._8(a_) FTIR Spectra of I Fig.8(b) FTIR Spectra of I: Anionic Fig.8(c) FTIR Spectra of I: No-
Cationic (CTAB) surfactant, II: (SDS) surfactant, II: Starch and IIl: .~ i

o e ionic (Tween20) wrfactant, 11
Starch and Ill: Their mixture theirmixture

Starch and IlI:Their mixture



268  From the IR spectra @figs. 8.a, b and c, the following peaks are recognized:

269 I. At 3400 cmt*, -OH vibration in C-OH group;

270 i At 1640 cm', C=0 stretching in —C-OH group;

271 iii. At 1375 cm, -O-H in plane deformation in secondary alcohglioup;

272 iv. At 3650 cm*, N-H vibration in C-OH-N group;

273 V. IR absorption spectraconfirms the complexes in betwstarch and ionic surfactants
274 (CTAB and SDS). To bind each other by the H-atenfarm inter molecular H-
275 bonding with the help of dipolar moment partiallpsgtive and negative charge
276 required.Figure 5 and 6 are shown above mentiomlibgrbut starch and Tween-20
277 do not form any H-bonding due to lack of partiakpiwe and negative charge in non
278 ionic Tween-20 surfactant.

279

280 The influence of ionic surfactartoncentrationson properties of starch based films was
281 analyzedbyFTIR spectra, mechanical properties tbie films, water solubility, and film
282  morphology as reported below. All tletarchfilms with and without surfactardppeared
283 smooth, clear, andtransparentFilm thickness wagangedfrom120 tol6@m. The FTIR
284  spectrum of a stardilm (without surfactant) is shown iRigs.8a and 8b.A broadabsorption
285 band at 3268 is evident, due tbe stretching frequency of the-OH group, and a band at
286  2920cmtattributabde to C-H stretching vibration [23].The presence aftrong absorption
287 band at1648cnconfirmsthe presence of water. The bands around 14081337 cm'are
288 assigned to -Chpibending in plane and C-OHbendingvibration, respectively. The band
289  atl149cmiis dueto C-O-C anti-symmetricbridge stretching[24]The FTIR spectrum of a
290 CTAB film is shown in Fig.8b.The broad absorption band at3260ts due to the
291 stretchingfrequency of thé&-H group [25] which overlaps the-Ositretching region at 348-
292  3440cm'. Theband at 2876cfis due tothe C-H stretching vibration. The bands
293 aroundl4landl319cm’are assigned t&CH2scissoring and —OH bending vibration,
294 respectively. The band atl0&@lisdue to CH-O-CH, stretching [23].Spectma of CMC

295 films showed peaks around 159@ 1 attributable to anti-symmetric vibration @OO groups
296 [26] and [28]. Adding arrange of ionic surfactai80S,CTAB) concentrationgo starch
297  films resulted in similacharacteristics in the FTIR spectf@ids. 8a and 8b). This indicated
298 that the anti-synmetricand symmetric vibrations of £Dand C-O bonds were enhanced,

11
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probably due tdhe disruption ofintermoleculaH-bondsbetween polar group present in SDS

and CTAB molecule caused by added starch [26]. syhemetric COO
stretchingwasfoundat~1411chinall film samples. Tie water absorption band of cassava
starch at648cm‘disappeared upon addition of CMC. The broadbandatkat around
327@cmtappeared in all films and was causedd®H stretching andntermolealar/ intra-
molecularhydrogenbonds[26]. Thi-H bandof CTAB and starch occurred at 326¥B261
cm?® respectively. By blendingtarchwith CTAB, the O-H band of films shifted to 3265-
3272cmt.The band of C-OH bending of starch film thatppearedat 1337cm'was shifted
t013221333cm'with SDSddition. Xuetal. [28]reported thahe esterbonds were mostly
formed betweemnhe hydroxyl groupsn amylopectinbranches of starch ashidzonium salt
group of CTAB, forming a stablerosslinked structure.This is likely what occurred the
composite starch—ionic surfactant complexes filod&d here. These results were correlated
with FT-IR spectra of rice flour -CMC blended filf29], chitosan-cassava starch-gelatin

films [30],andcornstarch-CMC-nanoclay bio-compositens [31].

4. CONCLUSION

The investigtions presented in this paper show that strong ioteraction occurs between
cationic and anionic surfactants (CTAB, SDS) exagept-ionic surfactant (Tween-20) and
starch polymer, leads to phase separation and pweoon of the formed amorphous
complexes. Complex formation on starch depend$ierchhain 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 interastitbetween the starch and ionic
surfactants are very strong and they are capable reffective cleansing than normal
detergent available our indoor market but also égvddable and eco-friendly for
environment.The lonic surfactants (CTAB, SDS) anhammtrations above its critical
micelle concentration reduces the inter-polymeraission through micelles formation
around hydrophobic (alkyl group) groups. The preseof a miscible starch molecule also

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