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 

Abstract:T ElectrospinningT isT aT easyT andT versatileT methodT 

toT synthesizeT theT NanofibersT ofT differentT PolymersT andT 

compounds.T TheT mainT meritsT ofT thisT processT areT weT canT 

getT continuousT andT ultraT thinT fibers.T DueT toT thisT weT canT 

useT thisT processT forT massT production.T ThisT processT 

overcomeT soT manyT limitationsT ofT otherT processes. 

HenceT inT thisT presentT workT manufacturingT ofT fibersT andT 

optimizationT ofT processT parametersT hasT beenT carriedT out.T 

ThereT areT nearT aboutT 16T processT parameterT ofT 

electrospiningT process.T FromT thisT fourT parametersT areT 

selectedT (distanceT betweenT spinneretT andT drumT collector,T 

voltage,T flowT rateT andT viscosity).T ThenT characterizationT ofT 

theseT manufacturedT nanofibersT hasT beenT doneT byT usingT 

SEM.T ThenT applyingT theT techniqueT ofT DOET andT ANOVAT 

theT effectT ofT theseT parametersT onT theT diameterT ofT 

nanofibersT hasT beenT predicted. 

 

KeywordsT :T AboutT fourT keyT wordsT orT phrasesT inT 

alphabeticalT order,T separatedT byT commas.T  

I. INTRODUCTION 

ElectroT spinningT mayT beT regardedT asT noncontactT 

drawingT process,T whereT inT aT draggingT forceT isT generatedT 

byT aT potentialT differenceT appliedT betweenT spinneretT andT 

collectorT plate.T TheT spinneretT dispensesT solutionT whichT 

canT beT polymer,T meltT orT compositeT solution.T ThisT 

solutionT droplet,T whenT itT isT atT theT tipT ofT theT spinneret,T isT 

underT theT actionT ofT surfaceT tensionT andT potentialT 

differenceT applied.T WhenT potentialT differenceT appliedT 

exceeds,T surfaceT tension,T theT dropletT startsT elongating.T AtT 

aT semi-angleT ofT 450,T calledT asT TaylorT Cone,T dropletT startT 

convertingT intoT aT fiber,T whichT furtherT underT theT actionT ofT 

“BendingT Instability”T andT whippingT elongatesT 

exponentiallyT intoT “Nanofibers”.ElectroT spinningT providesT 
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aT simpleT andT versatileT methodT forT generatingT ultrathinT 

fibersT fromT aT richT varietyT ofT materialsT thatT includesT 

polymers,T compositesT andT ceramics.T ItT isT alsoT recognizedT 

asT anT efficientT techniqueT forT theT fabricationT ofT polymerT 

nanofibers,T variousT polymerT haveT beenT successfullyT 

electrospunT intoT ultrafineT fibers.T AlsoT electrospinningT 

definedT asT feasibleT processT forT theT fabricationT ofT 

continuousT fibersT withT diametersT rangingT fromT generalT 

micrometre’sT downT toT aT fewT nanometers.[42-46] 

 

 

 

FigT NoT 01:SchematicT ofT electrospinningT Setup[15]FigT 

NoT 02:-T SetupT ofT electrospinning[16] 

ElectrospinningT isT aT simpleT processT whichT canT produceT 

polymerT fibersT rangingT fromT micrometerT toT nanometerT 

fromT meltT orT polymerT solutionT usingT anT electricT 

field.WhenT anT electricT potentialT isT appliedT toT meltT orT 

solutionT ofT polymerT theT changedT polymerT solutionT formsT 

aT coneT shapedT dropletT atT theT tipT ofT theT nozzleT [17,T 18,T 

andT 19].T WhenT anT electrostaticT forceT isT sufficientT enoughT 

toT overcomeT theT surfaceT tensionT ofT theT solutionT droplet,T 

theT tipT ofT dropletT elongatesT towardsT aT collectionT plateT 

whichT isT inT theT formT ofT aT groundedT metalT targetT 

resultingT inT aT formationT ofT aT jet.T ThisT chargedT jetT 

undergoesT whippingT (stretching)T mode,T calledT instabilityT 

regionT whereT itT splitsT intoT 

multipleT fineT fibersT andT travelsT 

SynthesisT ofT BiofunctionalizedT NanofibersT 

(Curcumin,T GelatinT andT FormicT Acid)T usingT 

ElectrospinningT ProcessT andT OptimizationT ofT 

ParametersT forT DiameterT ofT Nanofibers 

 Sachin S. Chavan, Pramod V. Londhe, Avinash M. Pawar, S.M. Shendokar 



Synthesis of Biofunctionalized Nanofibers (Curcumin, Gelatin And Formic Acid) Using Electrospinning Process And 

Optimization of Parameters for diameter of Nanofibers 

 

223 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: I30400789S319/2019©BEIESP 

DOI: 10.35940/ijitee.I3040.0789S319 

 

toT theT target.T TheT solventT evaporatesT whileT theT dryT 

ultrafineT fibersT areT depositedT onT theT collectionT plateT asT 

illustratedT inT figure-1T [20-21][47-51]. 

 

 

FigT NoT 03:-T SchemeT IllustrationT ofT aT TaylorT coneT 

formationT withT increaseT inT appliedT voltages[16] 

II. LITERATURET SURVEY 

LiteratureT survey:T applicationsT ofT biofunctionalisedT 

nanofibersT inT biologicalT field 

 

FigT NoT 04:-T ResearchT Publications(Graph) 

J.T VenugopalT et.al.T [24]SuggestedT recentT advancementsT 

inT theT electroT spinningT methodT enableT theT productionT ofT 

ultra-fineT solidT andT continuousT fibersT withT diametersT 

rangingT fromT aT fewT nanometresT toT aT fewT hundredT 

nanometresT withT controlledT surfaceT andT internalT 

molecularT structures.T DueT toT theT facilityT ofT 

functionalizing,T nanofiberT surfaceT canT beT functionalizedT 

toT improveT biochemicalT characteristicsT ofT nanofibers.T 

ThisT canT beT incorporatedT inT theT fieldT ofT biomedicineT forT 

variousT applicationsT suchT asT multifunctionalT membranes,T 

biomedicalT structuralT elements,T scaffoldsT usedT inT tissueT 

engineering,T woundT dressing,T drugT delivery,T andT artificialT 

organs.T TheyT alsoT stateT that,T dueT toT theT biocompatibilityT 

andT biodegradabilityT ofT theT nanofibers,T theyT canT beT 

usefulT inT theT replacementT ofT unhealthyT organsT andT 

tissuesT inT theT humans.T TheyT canT alsoT beT usedT inT smallT 

electronicT devices,T biosensors,T superT absorbents,T 

automobileT partsT andT armorT components.T InT thisT paper,T 

theyT alsoT discussedT aboutT theT patentT byT SmithT etT al.T forT 

productionT ofT skinT maskT fabricatedT byT electrospinningT 

nanofibersT directlyT ontoT theT surfaceT ofT theT skinT forT theT 

protectionT ofT wounds. 

YanzhongT Zhang,et.al.[25]T PresentT reviewT ofT recentT 

advancementsT madeT inT theT nanotechnologyT regardingT useT 

ofT polymerT nanofibersT forT biomedicalT applications.T ItT 

comparesT differentT processingT methodsT forT creatingT 

polymerT nanofibers/fibrousT structure.T ProcessingT method,T 

suchT asT electrospinning,T meltT blowing,T phaseT separation,T 

self-assembly,T templateT synthesis.T ItT emphasizesT onT latestT 

studiesT thatT usedT variousT processingT methodsT mainlyT 

electrospinning. 

Younanxia,et.al.[26],T P.V.T Londhe,,et.al[46]T HaveT focusT 

onT useT ofT ElectrospunT FunctionalizedT NanofiberT forT 

biomedicalT researchT andT alsoT theyT haveT reviewedT someT 

recentT developmentT toT electrospinningT techniqueT theyT 

haveT introducedT aT typicalT setT upT andT mechanismT andT 

usedT polymerT andT respectiveT solvent.T TheT soluteT playsT aT 

criticalT roleT inT controllingT theT physicalT propertiesT ofT 

polymerT solutionT introducingT theT surfaceT tension,T 

electricalT conductivityT andT viscosity.T TheyT haveT alsoT 

suggestedT aboutT HowT toT controllingT theT compositionT andT 

structureT toT theT manufacturingT ofT uniformT nanofibersT likeT 

asT aT polymerT blendT whichT offersT theT potentialT toT prepareT 

functionalT nanofibersT forT useT inT aT varietyT ofT applicationsT 

likeT asT toT enhanceT mechanicalT strengthT andT durationT ofT 

use.T ManufacturingT ofT porousT nanofiberT canT beT 

functionalisedT byT introducingT phaseT separationT betweenT 

twoT polymers.T DuringT theT electrospinningT ofT polymerT 

blendT followedT byT theT selectiveT removalT ofT oneT 

componentT throughT thermalT degradationT solventT 

extrusion.T VarietyT ofT secondaryT structureT suchT asT coreT 

sheathT andT microT tubesT withT singleT andT multipleT 

channelsT areT manufactured.T TheyT haveT alsoT suggestedT 

aboutT theT controllingT assemblyT byT whichT weT canT ableT toT 

manufactureT theT fibersT alignedT toT uniaxialT arrayT 

depositedT acrossT theT gapT throughT theT useT ofT anT 

electrostaticT force.T MainlyT theyT predictT thatT nonwovenT 

matsT ofT electrospunT nanofibersT canT serveT asT idealT 

scaffoldT forT tissueT engineeringT becauseT theyT canT mimicT 

theT cellularT matrix.T TheyT haveT alsoT givenT theT 

informationT aboutT EncapsulationT ofT bioactiveT materialsT 

whichT isT usedT inT variousT applications. 

SeemaT Agarwal,T et.al.[27]DiscussT aboutT howT electroT 

spinningT techniqueT isT usedT forT gettingT nanofibersT havingT 

aT largeT surfaceT areaT andT superiorT mechanicalT propertiesT 

whichT areT usedT inT manyT fieldsT suchT asT optical,T electrical,T 

sensors,T composite.T TheyT alsoT discussT theT nanofibersT 

applicationsT inT woundT dressing,T tissueT engineering,T 

targetedT drugT delivery,T etc.T TheyT alsoT discussT how3T 

nanofiberT materialT canT beT usedT forT regeneratingT newT 

extracellularT matrixT whichT destroyedT byT anyT disease,T 

congenitalT defectsT withoutT stimulatingT anyT immuneT 

response.T HereT theyT useT PVA/AgNO3T fiberT whenT thisT 

nanofiberT isT givenT heatT orT UVT radiation,T itT canT beT 

reducedT toT AgT ionsT fromT 

PVA/AgNO3T fibersT intoT theT 

AgT nanoparticlesT whichT canT 
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beT usedT forT woundT andT burnT treatment,T becauseT AgT 

nanoparticlesT areT antimicrobialT agents.T JonathanT G.T 

Merrell,et.al.[28]T HadT publishedT aT paperT underT titleT 

CurcuminT LoadedT PolyT (CaproLactone)T NanofibresT 

DiabeticT woundT dressingT withT antioxidantT andT 

anti-inflammatoryT Properties.T InT thisT theyT hadT 

highlightedT theT useT andT applicationT ofT CurcuminT loadedT 

nanofibers.T TheyT alsoT predictedT thatT theT diabeticT woundT 

dressingT withT antioxidantT andT anti-inflammatoryT 

propertiesT ofT theseT nanofibersT canT beT possible.T DueT toT 

CurcuminT isT aT naturallyT occurringT PolyT PhenolicT 

componentT withT aT broadT rangeT ofT biologicalT functionsT 

includingT anti-cancer,T antioxidantT andT anti-inflammatoryT 

activities.T InT thisT studyT theyT hadT mainlyT investigatedT theT 

feasibilityT andT potentialT ofT PCLT (polycaprolactone)T 

nanofibersT isT aT deliveryT vehicleT forT CurcuminT forT woundT 

healingT applications.T ByT optimizingT theT electrospinningT 

parametersT beadT freeT CurcuminT loadedT PCLT nanofibersT 

areT developed.T TheT antioxidantT activityT ofT CurcuminT 

loadedT nanofibersT wasT demonstratingT usingT anT oxygenT 

radicalT absobancecapacityT (ORAC)T andT byT theT abilityT ofT 

theT fibersT toT maintainT theT viabilityT ofT HFF-1T cellsT underT 

conditionT ofT oxidativeT stress.T TheT fibersT showedT 

sustainedT releaseT ofT CurcuminT forT 72T hT andT couldT beT 

madeT toT deliversT aT doseT muchT lowerT thanT theT 

repotedcytetoxicT concentrationT whileT remainingT willT beT 

bioactiveT HumanT fareskinT fibroblastT cellsT (HFF-1)T 

showedT moreT thanT 70%T viabilityT onT CurcuminT loadedT 

nanofibers.T AnotherT advantageT ofT CurcuminT loadedT 

nanofibersT isT toT reduceT inflammatoryT induction.T TheT inT 

vivoT woundT healingT capacityT ofT theT CurcuminT loadedT 

nanofibersT wasT demonstratedT byT anT increasedT rateT ofT 

woundT closure.T SoT thisT isT predictedT thatT theT CurcuminT 

loadedT PLCT nanofibersT matrixT isT bioactiveT andT hasT 

potentialT asT aT woundT greasingT withT antioxidantT andT 

anti-inflammatoryT properties. 

GholipourKanani,et.al.[29]BothT haveT brieflyT coveredT theT 

historicalT recordsT ofT tissueT engineering.T TheT highT surfaceT 

areaT andT microT porousT structureT ofT theT nanofibersT startsT 

theT signallingT pathwayT andT attractT theT fibroblastsT toT theT 

upperT dermatologicalT layerT ofT theT skinT excretingT 

extracellularT matrixT componentsT likeT collagenT andT 

cytokines.T TissueT engineeredT scaffoldsT haveT uniqueT 

propertiesT andT canT beT usedT asT alternativeT toT tissueT 

plantation.T ItT alsoT hasT severalT applicationsT inT drugT 

delivery,T vascularT tissueT engineering,T boneT tissueT 

engineering,T heartT tissueT engineering,T particularT cartilageT 

tissueT engineering. 

R.T Rathinamoorthy,T et.al.T [30]T MentionedT thatT naturalT 

fibersT affordT aT bioactiveT matrixT forT designT ofT moreT 

biocompatibleT andT intelligentT materialsT owingT toT 

remarkableT molecularT structure.T AT differentT typeT ofT 

woundT dressingT whichT couldT accelerateT woundT healing.T 

WhereT woundT dressingT materialsT areT classifiedT asT 

absorbentT andT non-absorbentT dependingT onT theT typeT ofT 

theT fibres’T used,T andT alsoT asT passiveT products,T interactiveT 

productsT andT bioactiveT productsT basedT onT itsT natureT ofT 

action.T VariousT polysaccharideT fibersT infusedT withT 

alginate,T chitinT andT chitosanT haveT beenT observedT forT 

theirT biologicalT propertiesT andT experimentedT onT forT 

variousT applications. 

III. DESIGNT OFT EXPERIMENTST ANDT ANOVA 

InT electroT spinningT byT controllingT someT factorsT weT canT 

reduceT theT valueT ofT diameterT of 

nanofiber.[22].T TheT factorsT areT flowT rate,T voltage,T 

distanceT betweenT spinneretT andT drumT andT viscocity 

ELECTROSPINNINGT SETUPT (BVUCOEP,T 

COMPOSITET LAB) 

 

TheT followingT materialsT systemT areT beingT identifiedT 

forT theT experiment 

 

• Gelatine 

• Chitosan 

• Curcumin 

• FormicT acid 

TheT followingT factorsT areT beingT selectedT forT theT 

experimentT [22]: 

1. DistanceT (cm) 

2. FlowT RateT (ml/hr) 

3. VoltageT (kv) 

4. ViscocityT (Cp) 

 

NumberT ofT Observation: 

 

TheT 2kT factorialT designT isT used.T ThereT areT threeT 

independentT variablesT areT variedT atT twoT levelsT lowT andT 

highT [22]T duringT experimentation.T HenceT theT minimumT 

numberT ofT observationT areT 2^4T 

i.e.16. 
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ParametersT NomenclatureT Low(-1)T High(+1) 

 

DistanceT CmT 10-15 

FlowT RateT Ml/hrT 0.1-0.15 

VoltageT KvT 15-20 

ViscocityCpT 65-70 

 

TableT 1:-T DOET withT parametersT andT levels 

Parameters Nomenclature Low(-1) High(+1) 

Distance Cm 10 15 

FlowT Rate Ml/hr 0.1 0.15 

Voltage Kv 15 20 

Viscosity CP 65 70 

 

ForT designT ofT experimentT theT dataT isT collectedT theT 

experimentalT levelT haveT someT levelT i.e.T theT factorsT 

selectedT shouldT beT givenT someT value.T ForT exampleT inT theT 

experimentT ofT theT electrospinningT takenT atT twoT levelsT 

oneT isT higherT andT otherT isT lower.T TheT highT levelT 

abbreviatedT asT ’+1’T andT theT lowerT abbreviatedT ‘-1’T inT theT 

dataT referT tableT theT runsT combinedT asT perT theT higherT andT 

lowerT levelsT asT shownT inT table.T WeT canT easilyT doT theT 

23=8T combinations.T TheT experimentalT resultsT wereT 

analyzedT forT gettingT significantT parameters,T interactionT 

byT usingT F-testT ofT ANOVA. 

IV. EXPERIMENTATIONT ANDT DATAT 

COLLECTIONT  

TableT 2:-DOET inT codedT form 

Sr. 

No 

ExperimentT  

No. 

DistanceT  

(cm) 

A 

FlowT 

RateT 

(ml/hr) 

B 

VoltageT 

(kv) 

C 

ViscosityT 

(cp) 

D 

1 1 (-)1 (-)1 (-)1 (-)1 

2 2 (+)1 (-)1 (-)1 (-)1 

3 3 (-)1 (+)1 (-)1 (-)1 

4 4 (+)1 (+)1 (-)1 (-)1 

5 5 (-)1 (-)1 (+)1 (-)1 

6 6 (+)1 (-)1 (+)1 (-)1 

7 7 (-)1 (+)1 (+)1 (-)1 

8 8 (+)1 (+)1 (+)1 (-)1 

9 9 (-)1 (-)1 (-)1 (+)1 

10 10 (+)1 (-)1 (-)1 (+)1 

11 11 (-)1 (+)1 (-)1 (+)1 

12 12 (+)1 (+)1 (-)1 (+)1 

13 13 (-)1 (-)1 (+)1 (+)1 

14 14 (+)1 (-)1 (+)1 (+)1 

15 15 (-)1 (+)1 (+)1 (+)1 

16 16 (+)1 (+)1 (+)1 (+)1 

 

SetupT forT MeasurementT OfT DiameterT OfT NanofiberT 

(IIGT MUMBAI) 

DiameterT ofT Nanofiber:T DiameterT isT measuredT inT theT 

formT ofT nanometerT (nm)T valueT andT SEMT setupisT usedT forT 

theT measurementT ofT diameterT ofT nanofiber. 

 

ExperimentalT Results 

TheT resultsT obtainedT soT areT shownT inT theT table:T  

TableT 3:-AnalysisT ofT variance 

S

r. 

N

o 

EXP

ERI- 

ME

NTT 

NO. 

DISTANCET 

(cm)T A 

FLOW 

RATE 

(ml/hr) 

B 

VOLTA

GET (kv) 

C 

VISCOSI

TYT 

(cp)T D 

RESULT 

DIAMET

ERT (nm) 

1 1 (-)10 (-)0.1 (-)10 (-)65 175 

2 2 (+)15 (-)0.1 (-)10 (-)65 140 

3 3 (-)10 (+)0.15 (-)10 (-)65 185 

4 4 (+)15 (+)0.15 (-)10 (-)65 453 

5 5 (-)10 (-)0.1 (+)15 (-)65 124.0

9 

6 6 (+)15 (-)0.1 (+)15 (-)65 55 

7 7 (-)10 (+)0.15 (+)15 (-)65 392 

8 8 (+)15 (+)0.15 (+)15 (-)65 342 

9 9 (-)10 (-)0.1 (-)10 (+)70 155 

1

0 

10 (+)15 (-)0.1 (-)10 (+)70 161 

1

1 

11 (-)10 (+)0.15 (-)10 (+)70 144.5 

1

2 

12 (+)15 (+)0.15 (-)10 (+)70 133 

1

3 

13 (-)10 (-)0.1 (+)15 (+)70 117 

1

4 

14 (+)15 (-)0.1 (+)15 (+)70 86 

1

5 

15 (-)10 (+)0.15 (+)15 (+)70 121 

1

6 

16 (+)15 (+)0.15 (+)15 (+)70 119 

T TOTALT ∑XT =T 2902.59 

V. ANALYSIST OFT EXPERIMENTS 

MeanT squareT orT varianceT (MST orT V) 

SumT ofT squaresT whenT dividedT degreesT ofT freedomT givenT 

meanT squareT orT variance.T VarianceT is 

calculatedT forT allT theT factorsT asT wellT asT interactionsT andT 

followingT ANOVAT tableT isT formed. 

MST =T SumT ofT squareT /T degreeT ofT freedom 

 

TableT 4:-VarianceT calculation 

 
S.NO FACTOR SUMT OF 

T 

SQUARE 

DEGREEST 

OFT  

FREEDO

M 

VARIANC

E 

T OFT 

MEANT  

SQUARE 

1 A 355.335 1 355.335 

2 B 48005.9 1 48005.9 

3 C 2266.0 1 2266.0 

4 D 43013.7

2 

1 43013.72 

5 AB 6955.14 1 6955.14 

6 AC 9005.5 1 9005.5 

7 AD 1451.8 1 1451.8 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-9S3, July 2019 

226 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: I30400789S319/2019©BEIESP 

DOI: 10.35940/ijitee.I3040.0789S319 

 

8 BC 5906.23 1 5906.23 

9 BD 48335.1 1 48335.1 

10 CD 764.31 1 764.31 

11 ABC 3522.72 1 3522.72 

12 BCD 1529 1 1529 

13 ACD 6584.9 1 6584.9 

14 ABCD 6823.17 1 6823.17 

 

HighestT valueT =T 48335.1 

FollowingT sourcesT canT beT pooledT together: 

A+C+AB+AC+CD+ACD+BCD+ABC+ABCDT  

=355.335+2266+6955.14+9005.5+1451.8+5906.23+764.31

+3522.72+6584.9+ 

T 3522.72+6823.17 

=45164.105 

MSerrorT =T SSerrorT /Verror 

=T 45164.105/11 

 = 4105. 

TheseT pooledT figuresT areT removedT fromT theirT placeT inT 

ANOVAT tableT andT recordedT asT errorT factor 

atT theT bottomT ofT ANOVAT table. 

Various tables with Pooled Error 

Table 5:-Table with pooled error 

S.NO Factor Sum of 

Square 

Degree

s of 

Freedom 

Varianc

e of Mean 

Square 

1 B 48005.9 1 48005.9 

2 D 43013.7

2 

1 43013.7

2 

3 BD 48335.1 1 48335.1 

4 Pooled 

Error 

45164.1

05 

11 4105.8 

 

Calculation for F value [23] 

OurT mainT aimT inT thisT methodT ofT analysisT isT toT seeT ifT theT 

signalT createdT byT theT factorT isT stronger 

thanT theT backgroundT noiseT (error).theT FT testT isT usedT toT 

compareT twoT variances. 

FOT =T SSA/VfactorT ÷T SSE/VerrorT =MSfactor/MSerror 

IncludingT thisT FT factor,T weT canT formT finalT ANOVAT tableT 

asT below. 

Table 6:-Final ANOVA table 

S.NO Factor Sum of 

Square 

Degrees 

of 

Freedom 

Variance 

of mean 

Square 

F0 

1 B 48005.9 1 48005.9 11.70 

2 D 43013.72 1 43013.72 10.47 

3 BD 48335.1 1 48335.1 11.77 

4 POOLED 

ERROR 

45164.10

5 

11 4105.8  

 

Now in calculation of F ratio: 

Degrees of freedom for numerator= 1 

Degrees of freedom for denominator= 11 

ThereforeT consultingT F-DistributionT table,T forT 95%T levelT 

ofT confidenceT weT findT thatT FT valueT isT F0.05,1,11=T 7.71i.e.T 

FlimitT SinceT allT theT FT –valuesT inT theT tableT areT greaterT thanT 

theT limitingT valueT ofT F-ratio 

VI. REGRESSION ANALYSIS 

Model equation:  

Y= (β0 + β1 X1 + β2X2 + β3 X3 + …+ βK XK +£) /N 

 β0 =2902.59/16 = 181.41 

Effect of factor B = YB+ - YB- 

                                = 109.5 

Effect of factor D = YD+ - YD- 

                                = -103.70 

Effect of factor BD = YBD+ - YBD- 

                                = -109.935 

Effect of factor A = YA+ - YA- 

                                = 9.42 

Effect of factor C = YC+ - YC- 

                                = -23.80 

Effect of factor AB = YAB+ - YAB- 

                                = 41.69 

Effect of factor AC = YAC+ - YAC- 

                                = -47.45 

Effect of factor AD = YAD+ - YAD- 

                                = -19.02 

Effect of factor BC = YBC+ - YBC- 

                                = +38.40 

 

Table 7:-Effect estimation ( % Contribution ) 

Remark Factor/Interaction Effect 

Estimate 

SumOf 

Square 

% 

Contribution 

Model B 109.5 48005.9 26.01 

Model D -103.70 43013.7

2 

23.31 

Model BD -109.935 48335.1 26.19 

Error A 9.42 355.335 0.19 

Error C -23.80 2266 1.23 

Error AB 41.69 6955.14 3.77 
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Error AC -47.45 9005.5 0.03 

Error AD -19.02 1451.8 0.78 

Error BC 38.40 5906.23 0.05 

Error CD -26.13 764.31 0.4140 

Error ACD 40.5 6584.9 10.0 

Error BCD -19.5 1529 0.82 

Error ABC -29.75 3522.72 1.90 

Error ABCD 41.3 6823.17 3.70 

TOTAL =  184518.825 

 

% Contribution for B= 48005.9/184518.825       X  =26.01 

Β1 = 1/2    X    (effect estimate for factor B) = 54.75 

Β2= 1/2    X    (effect estimate for factor D) = -51.85 

Β3 = 1/2    X    (effect estimate for factor BD)= -54.96 

VII. RESULTS AND DISCUSSION 

Scanning electron microscope results (images), IIG Mumbai 

 

 

 

 

 

 

Fig No.I, 

D-175 nm, Fr-0.1ml/hr, 

V-10kv, Ds-10cm, Vs-65 Cp 

 

Fig No.II, 

D-140 nm, Fr-0.1ml/hr, 

V-10kv, Ds-15cm, Vs-65 Cp 

 

 

Fig No.III, 

D-185 nm, Fr-0.15ml/hr, 

V-10kv, Ds-10cm, Vs-65 Cp 

 

 

Fig No.IV, 

Ds-453 nm, Fr-0.15ml/hr, 

V-10kv, Ds-15cm, Vs-65 Cp 

 

 

 

Fig No.VII, 

D-392 nm, Fr-0.15ml/hr, 

V-15kv, Ds-10cm, Vs-65 Cp 

 

 

Fig No.VIII, 

D-342 nm, Fr-0.1ml/hr, 

V-15kv, Ds-15cm, Vs-65 Cp 

 

 

Fig No.IX, 

D-155 nm, Fr-0.1ml/hr, 

 

 

Fig No.X, 
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V-10kv, Ds-10cm, Vs-70 Cp D-161 nm, Fr-0.1ml/hr, 

V-10kv, Ds-15cm, Vs-70 Cp 

 

 

Fig No.XI, 

D-144 nm, Fr-0.15ml/hr, 

V-10kv, Ds-15cm, Vs-70 Cp 

 

 

Fig No.XII, 

D-133 nm, Fr-0.15ml/hr, 

V-10kv, Ds-15cm, Vs-70 Cp 

 
 

 

 

 

 

 

 

 

Fig No.XIII, 

D-117 nm, Fr-0.1ml/hr, 

V-15kv, Ds-10cm, Vs-70 Cp 

 

 

Fig No.XIV, 

D-286 nm, Fr-0.1ml/hr, 

V-15kv, Ds-15cm, Vs-70 Cp 

 

 

Fig No.XV, 

D-121 nm, Fr-0.15ml/hr, 

V-15kv, Ds-10cm, Vs-70 Cp 

 

 

Fig No.XVI, 

D-119 nm, Fr-0.15ml/hr, 

V-15kv, Ds-15cm, Vs-70 Cp 
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VIII. GRAPHICAL REPRESENTATION 
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Graph 03Graph 04 
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Graph 05 

Graph 06 
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Graph 07 

Graph 08 

IX. CONCLUSION 

InT thisT researchT work,T onlyT someT inputT parametersT likeT 

asT voltage,T distance,T flowT rateT AndT ViscosityT 

areconsideredT forT theT SEMT andT analysisT ofT electroT 

spinningT hasT beenT done. 

FollowingT factorsT canT beT concluded. 

 

1. NanoT fiberT ofT mixtureT ofT Curcumin,T gelatineT andT 

formicT acidT canT beT manufactured. 

2. TheseT nanoT fibersT havingT diameterT lessT thanT 453T 

nanoT meter. 

3. DistanceT affectstheT diameterT (nm)T BYT 0.19%T whichT 

isT ofT noT significance. 

4. VoltageT affectstheT diameterT (nm)T byT 1.23%T whichT isT 

ofT noT significance. 

5. FlowT rateT considerablyT affectstheT diameterT (nm)T byT 

26.01%. 

6. ViscosityT considerablyT affectstheT diameterT (nm)T byT 

23.31%. 

7. WhenT flowT rateT andT viscosity,T takenT togetherT theirT 

effectT isT ofT primeT importanceT onT theT diameterT 

(nm)T byT 26.19%. 

8. 1.DT StructureT nanofibreT hasT beenT manufactured. 

9. DOET withT fullT factorT hasT beenT carriedT out. 

X. FUTURET SCOPE 

1. SynthesisT ofT ChitosanT Nanofibres 

2. CharacteristicsT andT testingT ofT biofunctionalizedT 

nanofibers 

3. FibresT toT beT testedT forT AntimicrobialT activity 

4. ApplicationsT toT beT checkedT forT woundT healing,T tissueT 

engineering,T dentalT field 
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