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SARAWUTH  SITHORNKUL : PREPARATION AND CHARACTERIZATION OF 
ELECTROSPUN NATURAL RUBBER/ ACRYLONITRILE BUTADIENE STYRENE NONWOVEN 
MATS. THESIS ADVISOR :  POONSUB THREEPOPNATKUL, Ph.D. 94pp. 

Combination between a new technology as electrospinning and using natural 
rubber (NR) and acrylonitril butadiene styrene (ABS) blend is used to study the feasibility on 
preparation of electrospun natural rubber nonwoven mats. The effect of flow rate of solution, 
tip to collector distance, and voltage on the morphology, mechanical properties and moisture 
vapor permeability of electrospun natural rubber nonwoven membranes will be investigated. 
Electrospinning technique is providing a fibrous membrane with high porosity, high surface 
area and small fiber diameter. These properties are directly related to the barrier properties of 
the product, including water vapor transmission and light weight. Natural rubber and ABS 
blends have been introduced as an alternative to flexible plastics. They are flexible and high 
tensile strength. 

 In this research, the NR was compounded in a torque rheometor, with stearic 
acid, wingstay-L, dibenzothiazoledisulfide (MBTS), tetramethylthiuram disulfide (TMTD) and 
sulfur respectively. The compounded NR was blended with ABS by dissolution them in 
tetrahydrofuran (THF), concentration of solution included 5, 10, and 15 w/w%. The 
composition weight ratios of NR/ABS were 80/20, 70/30, 60/40 and 50/50. The effects of 
electrospun process parameters on the morphology such as voltage (14, 15 and 16 kV), flow 
rate (10, 20 and 30 ml/h), and tip to collector distance (15, 20 and 25 cm) were studied. The 
morphology of electrospun fibers were characterized by scanning electron microscope (SEM). 
SEM images showed that NR/ABS membranes had higher porosity with increasing ABS 
contents. Fiber diameter of electrospun NR/ABS decreased with decreasing ABS contents, 
flow rate, and solution concentration but increasing tip to collector distance. Mechanical 
properties of electrospun NR/ABS non-woven mats were evaluated by universal testing 
machine and permeability of electrospun NR/ABS membranes was observed by water vapour 
permeability. The results of mechanical properties showed that for electrospun NR/ABS fiber 
mats, the elongation at break obviously decreased and the tensile strength slightly increased 
with increasing ABS loading. For permeability, increasing ABS content increased permeability 
of electrospun NR/ABS non-woven mats due to higher porosity. 
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1.1

 (Vulcanizing) 

 (Modulus) 

 (Filler)  [1-3] 

(Strength)

 (Nonwoven) 

, ,  (Tissue 

engineering)  (Composite) 
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 (Acrylonirtile),  (Butadiene)  (Styrene) 

 , 



2

 (Impact strength)

 3 

 (Electrospinning)  

1.2

1.2.1

1.2.2

1.3

,
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1.4

1.4.1
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1.4.3
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 2 

2.1

2.1.1 [4]

 Hevea Brazilliensis 

 (dry rubber)  30 % 

 (centrifuge)  60 % 

(concentrated latex) 

 (two-

roll mill)  60-70 C

 3 

 STR5L 

 STR20 

-1,4-  (cis-1,4-polyisoprene) 

 1  (C5H8)

 ( )  200,000  400,000 

0.93g/cm
3

 20 C  (glass transition 

temperature, Tg)  -72 C
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 1 

 1  1 

( -methylene)

 ( )

2.1.2

 (elasticity)

 ( )

 (tack)  ( )

 (tensile strength)

 ( 20 MPa )

 (tear strength)



6

 (dynamic properties)

 (fatigue resistance) 

 (abrasion resistance)

 SBR 

 (insulation)

 (specific resistivity)  10
15

 10
16

 ohm.cm 

 (liquid and chemical resistance)

 3 

 (aging properties)

 ( )

 (  (anti-degradants)  (wax)) 

 (low temperature flexibility)

 2  (BR)  (Q) 
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    Compression set  compression set 

 compression set 

compression set 

 compression set 

 (rebound resilience)

 (  BR) 

 (  hysteresis )

 (service temperature)

 -55 C  70 C

 ( )

 90 C  100 C

( )

2.1.3

(rubber compound) 

(vulcanization)  “  (vulcanizate)” 
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 ( )

 2  (two-roll mill)  (internal mixer) 

 “  (mastication)” 

 (peptizer) 

 ( )

2.1.4 [4-5]



9

    1. 

    2. 

    3. 

 2549  21.703 

 12.515  9.188  (  1)  2545-2549 

 60  40 

 2549  21.573  12.617 

 8.956 

 60:40 (  2) 
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 1  [5] 

2545 7,302 40.16 10,882 59.84 18,184 100.00 

2546 7,975 41.18 11,390 58.82 19,365 100.00 

2547 8,654 41.92 11,989 58.08 20,943 100.00 

2548 8,777 42.09 12,078 57.91 20,855 100.00 

2549 9,188 42.34 12,515 57.66 21,703 100.00 

 : IRSG (2007)

 2  [5] 

2545 7,628 41.56 10,724 58.44 18,352 100.0 

2546 8,033 41.33 11,404 58.67 19,437 100.0 

2547 8,581 41.91 11,894 58.09 20,475 100.0 

2548 8,994 42.82 12,010 57.18 21,004 100.0 

2549 8,956 41.51 12,617 58.49 21,573 100.0 

 : IRSG (2007)
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2.1 - -

2.1.1 - -  [6-8] 

. . 1940 - -

 (acrylonitrile-butadiene-styrene copolymer ,ABS)  2 

-

 (SAN) -  (SBR) -

 (NBR) 

 1948  Marbon (  Marsene Corp. 

Borg Warner) 

 SAN 

 Emulsion 

polymerization  SAN 

 BASF  1  1959 Borg Warner 

 Cyclolac
TM
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 2  BASF 

 Borg Warner 

 10,000 

 ( -methylstyrene)  

 (Heat deflection temperature)  1958 

 3  ( -methylstyrene)
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 (Methyl methacrylate; MMA) 

 Cyclolac
TM

CIT

2.1.2

 3 

    1.  (Amorphous) 

(Strength)  (Rigid) 

   2.  (Tg)  (  -76
O
F

-60
O
C)  (Cross-linking) 

 (Homopolymer)  (Copolymer) 

 (SBR)  (NBR) 

   3.  (Rigid materials) 

 (low viscosity)  (Flowability) 

 (Brittleness) 

 1 

 (morphology) 

 220-260 
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 3 

Properties Units

Injection-molding grades 

Extrusion

grades

High

impact

Medium

impact

Izod impact (3.2 mm.thick 

specimen)
J/m 320-500 160-320 80-640 

Hardness R 85-106 102-115 75-115 

Tensile yield strength MPa 18-41 35-50 30-44 

Elongation at break % 5-75 5-60 20-100 

Tensile modulus GPa 1.02.4 2.1-2.8 0.9-2.9 

Specific gravity - 1.01-1.05 1.03-1.06 1.02-1.08 

 (Processibility) 

 (Compound) 

 3 
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 4 

Matrix

component

Chemical

constructure

T
g

(
O

C)

Concentra-

tion in the 

ABS blend 

(wt%)

Heat

resistanc

e Vicat B 

120 (
O

C)

Other properties 

SAN

Random

copolymer S:AN 

80:20-65:35

115 95-50 104 

Increase in thermal-

stability at high 

acrylonitrile contents 

AMS-AN

copolymer

Random

copolymer

AMS:AN 70:30 

128 95-50 117 
Depolymerization

begins at 280
O
C

AMS-AN

Sequence

polymer

AMS:AN 70:30 

high proportion of 

AMS pairs 

140 95-50 130

Toughness lower than 

with random 

copolymers

Styrene-AN-

NPMI

terpolymer

Random

terpolymer

S:AN:NPMI

67:28:5

140 95-80 130

High reactivity of the 

anhydride ring, Heat 

resistance limited 

AN = acrylonitrile; AMS = -methylstyrene; MA = maleicanhydride; S = styrene;

NPMI = N-phenylmaleimide

-

( -methylstyrene-acrylonitrile) -

-

 130 

 (Vicat B temperature) 
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 (Izod impact strength) 

 8  (Tensile strength)  (Tensile modulus) 

2.3  (Electrospinning)[9-10] 

2.3.1

 100 

 (Electrospinning) 

 Taylor cone 

 (Bead) 

(Polymer solution parameters ),  (Processing condition) 

 (Applied voltage),  (Temperature)  (Effect of 

collecotr)  (Ambient conditions) 
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2.3.2  (Polymer Solution Parameters) 

 (Surface tension) 

 (Electrospun fibers)

    2.3.2.1  (Molecular Weight and 

Solution Viscosity) 

 jet 

jet

 jet

jet

 jet  (Droplet) 
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Electrospinning

(Spherical)  (Spindle 

like)  (Smooth)  4 

jet

jet

 jet

 4  (Polycaprolactone)  [A] 

 0.1 g/ml  [B]  0.12 g/ml.

 (Interaction)  jet 

 jet  jet 
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 jet  jet 

 jet 

 jet 

 (Polyethylene oxide) 

 3.5 

8K  8M

    2.3.2.2  (Surface Tension) 

 jet 

 (Surface area per unit mass of a fluid) 

 5
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 5 [A] ,

 [B] ,

 (Ethanol) 

 (Surfactant) 

    2.3.2.3  (Solution conductivity) 

 (Ions)  

 (Salt)  (Polyelectrolyte) 

 Viscoelastic force
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 (Critical voltage) 

 5 

 (NaCl) 

 (KH2PO4)

 (Sodium ions)  (Chloride ions)  (Atomic radius) 

 (Potassium ions)  (Phosphate ions) 

 (Electrostatic fields) 

 jet 

 5 

Solvent Conductivity (ms/m) 

1,2-Dichloroethane 0.034 

Acetone 0.0202 

Butanol 0.0036 

Dichloromethane/Dimethylformamide (40/60) 0.505 

Dichloromethane/Dimethylformamide (75/25) 0.273 

Dimethylformamide 1.090 

Distilled Water 0.447 

Ethanol 0.0554 

Ethanol (95%) 0.0624 

Ethanol/Water (40/60) 0.150 
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Solvent Conductivity (ms/m) 

Methanol 0.1207 

Propanol 0.0385 

 (Ionic surfactant)  Triethyl benzyl ammonium chloride  

 pH  (Cellulose 

acetate, CA) 

 (Deacetylation)  OH
-
 ions 

,

 (Ionic salt) 

Viscoelastic force  (Columbic force) 

    2.3.2.4  (Dielectric Effect of Solvent) 

 (Dielectric constant) 

 N.N-Dimethylformamide (DMF) 

 (Morphology) 

 jet 

 jet 

 6 
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 6 

Solvent Dielectric constant 

2-Propanol 18.3 

Acetic acid 6.15 

Acetone 20.7 

Acetonitrile 35.92-37.06 

Chloroform 4.8 

Dichloromethane 8.93 

Dimethylformamide 36.71 

Ethyl acetate 6.0 

Ethanol 24.55 

m-Cresol 11.8 

Tetrahydrofuran 7.47 

,

 (Electrospinnability) 

 DMF  (Polystyrene, PS) 

 DMF 

2.3.3  (Processing Conditions) 

 jet  (Voltage supplied), 

(Feedrate),  (Temperature of the solution),  (Type of 

collector),  (Diameter of needle) 

 (Distance between the needle tip and collector) 
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        2.3.3.1  (Voltage) 

 (Electrostatic force) 

 6kV  Taylor Cone 

 jet 

 Taylor Cone  (Columbic repulsive force)  jet 

 Viscoelastic solution 

 jet 

 Taylor Cone 

 Taylor Cone 

 jet 

 jet 

 jet  (Secondary jets) 

 (Flight time)  jet

 jet 

 jet 
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 6 

 jet 

 Taylor Cone 

 6   [A] 

 6 kV  [B]  22kV 

 jet 

 jet 
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 jet 

 jet 

 (Electrodes) 

 (DC voltage 

supply)

 jet 

 jet 

 jet  jet 

 jet 

 jet 

 jet 

        2.3.3.2  (Feedrate) 

 Taylor 

Cone

 7 

,

 jet 
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 jet 

 7  [A] 

0.5 ml/hr  [B] 2 ml/hr 

        2.3.3.3  (Temperature) 

 (Polyurethane) 

,
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        2.3.3.4  (Effect of Collector)

 (Aluminum foil) 

 jet 

 Repulsive force 

,

 8 

(Metal foil)  
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 8  8 mL/hr 

 9  braided Teflon sheet 

Teflon sheet 

Dimethylformamide (DMF) 
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 9  (Collagen)  Braided Teflon sheet. 

        2.3.3.5 /  (Diameter of Pipette Orifice / 

Needle)

 jet 

,

        2.3.3.6  (Distance between Tip and 

Collector)



31

 jet 

 jet 

,  jet 

 10 

 scaffold 

 10 Nylon 6,6 (a)  2 cm  (b)  0.5 cm 

 jet ,

 jet 

,
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2.3.4  (Ambient Parameters) 

 jet 

,

        2.3.4.1  (Humidity) 

 Polysulfone (PES)  Tetrahydrofuran (THF) 

 50% 

 3.8 

 Atomic force microscopy 

,

 Thin films 

 jet 

 thin film 

 jet 

 Thin film 
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 (>76%) 

,

        2.3.4.2  (Type of Atmosphere) 

 Helium 

,

Freon®-12  2 

        2.3.4.4  (Pressure) 

 jet 

 jet 

2.4

S.-S. Choi [1]  Polybutadiene 

(BR)  UV irradiation  BR 
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 Tg 

 8 wt%  (Crosslinker)  0.5, 1.0, 

2.0  3.0 %  BR 

 (Crosslink density)  Tg 

 -84.35  -80.07 C

 2 

Threepopnatkul. P. [2]

Butyl Rubber (BR)  25, 30 

 40 phr  Torque rheometer 

,  300% 

H. Ismail [11]

 polypropylene/natural rubber (PP/NR)  polypropylene/recycle rubber (PP/RR) 

 PP/NR  PP/RR 

 PP/RR 

 PP/NR  RR 

Dong Yang Wu [12]  (Ground 

rubber; GR)  ABS 

 (chlorination)  2 

 chlorinated GR  amine-terminated butadiene acrylonitrile 

(ATBN)  triethanolamine zirconium chelate (TEAZ)  In-situ compatibilization 

 AlCl3, FeCl3, ZnCl2  30%  (NR) 

 70% -  (SBR) 

 ABS 

 In-situ compatibilization 



35



36

 3 

3.1

3.1.1  (Natural rubber)  STR5L 

3.1.2 Poly(acrylonitrile-butadiene-styrene)  SP200  IRPC .,Co.LTD 

3.1.3  (Tetrahydrofuran)  commercial  RCL Labscan  

3.1.4 ZnO  KIJ PAIBOON Chemical Ltd., Part. 

3.1.5 Steric acid  KIJ PAIBOON Chemical Ltd., Part. 

3.1.6 Wingstay-L  KIJ PAIBOON Chemical Ltd., Part. 

3.1.7 Tetramethylthiuram disulfide (TMTD)  KIJ 

PAIBOON Chemical Ltd., Part. 

3.1.8 Dibenzothiazoledisulfide (MBTS)  KIJ PAIBOON 

Chemical Ltd., Part. 

3.1.9 Sulfur  KIJ PAIBOON Chemical Ltd., Part. 

3.1.10 CaCl2  Ajax Finechem Pty.,Ltd  analytical 

3.1.11 NH4Cl  Carlo Erba  analytical 

3.2

3.2.1  (High Voltage)   Gamma high 

voltage research 

3.2.2  (Syringe pump)  KD sciencetific  single 

pump

3.2.3  EYELA vacuum oven  VOS-301SD 

3.2.4  (Scanning Electron 

Microscopy)  CAMSCAN mx200 

3.2.6  (Brook filed viscometer)  Brookfiled 

viscometer  DV-E viscometer 

3.2.7  Hascon electric motor  MS632-4 
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3.2.8  Frenic-mini 

3.2.9  (Universal testing machine)  Instron  5565 

3.2.10  Hygrometer testo 608-11 

3.2.11 4  Mettler Toledo  AB204-S/FACT 

3.2.12  (Internal mixer)  BRABENDER  30/50 EHT 

3.2.13  Moving Die Rheometer (MDR) 

Gotech  GT-M2000 

3.2.14  Mettler Toledo Seven Multi 

S47

3.3

3.3.1

 11  Brabender 

(Natural rubber STR5L) 

 Brabender 

 40 C,  60 /

 7 

 Brabender 

 (mastication)  15 
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 ZnO, Steric acid, Wingstay-L, MBTS, TMTD, SULFUR 

 30 

 7  [13] 

Materials phr* 

Natural rubber (STR-5L) 100.0 

ZnO 5.0 

Steric acid 2.0 

Wingstay-L 1.0 

MBTS 1.0 

TMTD 0.1 

Sulfur 2.75 

* phr = part per hundred rubber 

3.3.2

 Moving Die Rheometer (MDR)  180 - 200 C

 (torque maximum and torque minimum)  (scorch time, ts2)

 (cure time, tc90)

3.3.3

 ABS 

THF  5 – 20 wt% 

 80/20, 70/30, 60/40  50/50 (wt %/wt %)  12 .



39

3.3.4

 12 

      3 

,

3.3.5

 syringe  20 

 19  (syringe pump) 

 jet 

 (collector)  8 
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 8 

Solution

concentration

(wt%)

Flow rates 

(ml/h)

Voltage

(kV)

Tip-to-Collector 

distance

(cm)

5 -20 10-30 14-16 15-25 

 1 .

 vacuum oven  190 C

3.4

3.4.1

 13  Brookfield Viscometer 

 1.5 cm 

 13 

 4  shear rate, shear stress, 

torque  viscosity 
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torque  torque  90% 

 torque  90% 

 10%

3.4.2

 Mettler Toledo 

Seven Multi S47  3.3.3

3.5  NR/ABS 

3.5.1

 14 

 (Specific gravity)  ASTM D792 

14



42

Specific gravity =          (  3.1) 

a = 

b = 

W = 

3.5.2

 15 

 ASTM D412 

 (universal testing machine)  Instron  5565  Loadcell 500 N Cross 

head speed 10 mm/min  10 x 50 (mm x mm) 

 5 ml 

3.5.3  (Water vapour permeation,WVP) 

 RH 

 CaCl2 (32 %RH)  NH4Cl (80 %RH) 

RH  NH4Cl  RH 

 CaCl2  Desiccators 
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 Desiccators  RH  CaCl2

 NH4Cl  vial  4 drums 

 Desiccators 

 24 .

[14]

 =
24

            (  3.2)

M =  (g) 

t   =  (h) 

A =  (m
2
)

          (  3.3) 

d = (mm)

3.5.4

 Coat  Sputtering  120 

 stub  15 keV.  50, 200  1000 
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 4 

4.1

4.1.1

 16  NR/ABS 

0

2000

4000

6000

8000

10000

12000

0 5 10 15 20 25v
is
co
si
ty

o
f
so
lu
ti
o
n
(m

P
a
.s
)

solution concentration (wt%)

NR/ABS (50/50)
NR/ABS (60/40)
NR/ABS (70/30)
NR/ABS (80/20)



45

NR/ABS  5 wt%  20 wt% 

 16 

 NR/ABS  5 wt%  20 

wt%  NR/ABS (80/20) 

 18  10354 mPa.s   5 – 15 

wt%  20 

wt%  (5 – 15 wt%) 

 NR/ABS 

 50 %  80 % 

 400,000 [5] 

4.1.2

 9 
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 9 

NR/ABS Ratios (%wt) Conductivity of solution (µS/cm) Temperature ( C)

0/100 0.015 26.3

50/50 0.038 28.7

60/40 0.035 28.7

70/30 0.037 30.1

80/20 0.037 28.1

100/0 0.043 27.8

4.2

4.2.1

,  4 

 4 ,

,

 NR/ABS  15 kV 

 jet 

    4.2.1.1 

 4.1 

, smooth, 

[15,16]
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 NR/ABS 50/50 NR/ABS 60/40 

5
 w

t%
 

( ) ( )

1
0

 w
t%

 

( ) ( )

1
5

 w
t%

 

( ) ( )

 17  NR/ABS (50/50)  NR/ABS (60/40) 

 5, 10, 15 wt% 

 15 cm  30 ml/h  15 kV
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( ) 5 % ( ) 10 % 

 18  NR/ABS (70/30) 

 5, 10 wt%  15 cm  30 

ml/h  15 kV 

( ) 5 % ( ) 10 % 

 19  NR/ABS (80/20) 

 5, 10 wt%  15 cm  30 

ml/h  15 kV 

  17  50/50  5 % wt 

[17]

 10 wt% 
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 5.78 ± 3.35 ( m)  15 wt% 

 flat dog bone 

 jet 

[18,19]

 22.96 ± 9.63 ( m)  15 wt% 

 10 

 jet  60/40 (

 17)  10 wt% 

 15 wt%   flat dog bone 

 70/30 (  18)  80/20 (  19) 

 15 %wt 

 jet  2 

 jet 
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 10 

(wt%)

 ( m)

50/50 60/40 70/30 80/20 

5 - ( ) - ( ) - ( ) - ( )

10 5.78 ± 3.35 6.12  ± 1.61 5.28 ± 1.10 4.4 ± 2.0 

15 22.96 ± 9.63 22.63 ± 7.16 - - 

    4.2.1.2 

 jet 

 20  50/50  15 cm 

 20 cm 

 11  

 25 cm 

 60/40  21 

 15 cm 

 jet 

 20 cm  smooth 

 70/30  60/40 

 15 cm 

jet

 smooth 

70/30  22  80/20  23 
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 Tg 

( ) 15 cm ( ) 20 cm 

( ) 25 cm 

 20  NR/ABS (50/50) 

 15, 20  25 cm  15 %wt 

 30 ml/h  15 kV 
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( ) 15 cm ( ) 20 cm 

 21  NR/ABS (60/40) 

 15  20 cm  15 wt% 

30 ml/h  15 kV 

( ) 20 cm ( ) 25 cm 

 22  NR/ABS (70/30) 

 20  25 cm  15 wt% 

30 ml/h  15 kV 
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( ) 20 cm ( ) 25 cm 

 23  NR/ABS (80/20) 

 20  25 cm  15 %wt 

30 ml/h  15 kV 

 11 

 (cm) 

 ( m)

50/50 60/40 70/30 80/20 

15 22.96 ± 9.63 22.63 ± 7.16 - - 

20 20.90 ± 7.71 17.81 ± 6.93 21.07 ± 5.10 14.41 ± 5.19 

25 15.40 ± 8.99 ( ) - 15.01 ± 5.62 12.68 ± 6.05 

    4.2.1.3 

 15 wt%  20 cm 

 24 

 (  12) 
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( ) 10 ml/h ( ) 20 ml/h 

( ) 30 ml/h 

 24  NR/ABS (50/50) 

 10, 20  30 ml/h  15 %wt 

 20 cm  15 kV 

 flat dog 

bone  circular  flat dog bone 

 flat dog bone  

10 ml/h  jet 
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 10 ml/h  jet 

jet  jet 

 Taylor cone 

 12 

NR/ABS

 (ml/h)  ( m)

50/50

10 15.42 ± 2.65 

20 17.85 ± 4.25 

30 19.63 ± 6.51 

    4.2.1.4 

 jet 

[17]

( ) 14 kV ( ) 15 kV 
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( ) 16 kV 

 25  NR/ABS 50/50 

 14, 15  16 kV  15 wt% 

 20 cm  30 ml/h 

 25 

 smooth 

[21]

 SEM 

 16 kV  13 

 13 

NR/ABS  (kV)  ( m)

50/50

14 20.83 ± 10.96 

15 19.63 ± 6.51 

16 32.58 ± 18.79 
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4.2.2

 MDR  14 

 scorch 

time  cure time  scorch time 

 (crosslink)  cure time 

 scorch time  cure 

time  cure time 90%   tc90 

 tc90 [20]

 14  MDR 

Temperature

(°C)

ts2 

(m:s)

tc90

(m:s)

Tmax 

(dN-m)

Tmin 

(dN-m)

M90

(dN-m)

DT(MH-ML)

(dN-m)

180 1:00 1:35 24.703 2.824 22.515 21.879 

190 0:31 1:12 25.683 2.628 23.378 23.055 

200 0:24 0:56 32.401 2.883 29.449 29.518 

 scorch time  cure time 

 NR/ABS 

 NR/ABS 

 190 C  2  180 C

 NR/ABS 

NR/ABS  200 C

NR/ABS  26   tc90 

200 C  NR/ABS  190 C  2 
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 26 

 200 C

4.2.3

 31  NR/ABS 

 30%  flat 

dog bone 

 2 

 27
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8
0
/2

0

( ) ( )

 27  NR/ABS 

 15 wt%  20 cm  30ml/h 

 15 kV 

 Tg  29 

 190 C

 80% 

 50/50
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 28   NR/ABS 

 15 wt%  20 cm  30ml/h 

 15 kV 

 4.2 

 (  28) 
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( ) ( )

 29  ( )  ( )

 15 wt%  20 cm  

 30ml/h  15 kV 

4.3  NR/ABS 

 30  static moisture permeation  Electrospun NR/ABS 

50/50, 60/40, 70/30  80/20  15 wt%  20 

cm  30 ml/h  15 kV 
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 30 

 2.12 %  82.29 % 

 rubbery

 NR/ABS 

4.4  NR/ABS 

 15  NR/ABS

NR/ABS 50/50 60/40 70/30 80/20 

Density of NR/ABS (g/cc) 0.67 0.69 0.74 0.81 

 4.6 

 0.67  0.81  

 SEM 

 Normalize ,
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4.5  NR/ABS

 NR/ABS  (Tensile 

properties)

 Normalize 

 15 wt%  20 cm 

 30 ml/h   15 kV ,

4.5.1

 31  stress – strain  NR/ABS 

 NR/ABS 

 NR/ABS 50/50  80/20, 

 50 wt%  20 wt%  strain  stress 

 70/30  stress

 31  stress – strain curves  NR/ABS  50/50, 60/40, 70/30 

80/20  15 wt%  20 cm  

 30 ml/h  15 kV 

0
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4.5.2

 NR/ABS  32 

 NR/ABS 

 32  NR/ABS  50/50, 60/40, 70/30  80/20 

 15 wt%  20 cm   30 ml/h 

 15 kV 

4.5.3
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 33  NR/ABS  50/50, 60/40, 70/30 

 80/20  15 wt%  20 cm

 30 ml/h  15 kV

4.5.4

 34  elongation at break  NR/ABS   50/50, 60/40, 70/30 

80/20  15 wt%  20 cm  

 30 ml/h  15 kV 
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 34 

 NR/ABS  2 

 20 – 30 wt % (>500% elongation)   

 40 – 50 wt%  (<100% elongation) 
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.  NR/ABS 

 16  NR/ABS 

 (wt%) 

 (mPa.s) 

50/50 60/40 70/30 80/20 

5 9 9 15 18 

10 174 276 348 222 

15 882 951 1662 1830 

20 7546 6251 9286 10354 



74

.  NR/ABS 

 17  Normalize 

 NR/ABS:50/50  15 wt%, 

 20 cm,  30 ml/h  15 kV 

NR/ABS Tensile strength (MPa) Modulus (MPa) % Strain at Break 

50/50 3.96318 12.053983 10.29 

3.58583 154.54817 8.32 

3.33486 - 8.44 

3.33090 131.85243 7.89 

4.32597 140.11158 10.40 

 35  stress-strain  NR/ABS:50/50 

 15 wt%,  20 cm,  30 ml/h 

 15 kV 
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 18  Normalize 

 NR/ABS:60/40  15 wt%, 

 20 cm,  30 ml/h  15 kV 

NR/ABS Tensile strength (MPa) Modulus (MPa) % Strain at Break 

60/40 3.67404 95.31729 12.84 

3.58540 112.67662 13.49 

3.59295 79.66870 25.31 

3.30814 106.05289 11.90 

3.79632 106.62672 12.90 

 36  stress-strain  NR/ABS:60/40 

 15 wt%,  20 cm,  30 ml/h 

 15 kV 
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 19  Normalize 

 NR/ABS:70/30  15 wt%, 

 20 cm,  30 ml/h  15 kV 

NR/ABS Tensile strength (MPa) Modulus (MPa) % Strain at Break 

70/30 5.90850 2.39595 397.50 

6.56257 2.60098 440.78 

5.94563 2.85582 369.55 

6.09770 2.55480 370.10 

6.65695 2.65695 389.57 

 37  stress-strain  NR/ABS:70/30 

 15 wt%,  20 cm,  30 ml/h 

 15 kV 
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 20  Normalize 

 NR/ABS:80/20  15 wt%, 

 20 cm,  30 ml/h  15 kV 

NR/ABS Tensile strength (MPa) Modulus (MPa) % Strain at Break 

80/20 1.80389 1.08715 257.68 

3.39005 0.94728 536.21 

3.55051 0.97108 592.17 

7.11440 2.29821 538.33 

3.85698 1.08614 648.51 

 38  stress-strain  NR/ABS:80/20 

 15 wt%,  20 cm,  30 ml/h 

 15 kV 
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.

 21 

NR/ABS  15 wt%,  20 cm, 

 30 ml/h  15 kV 

NR/ABS

ratios  (g)  24 . (g)  (g) 

50/50 23.0108 22.9089 0.1019 

22.9280 22.8185 0.1095 

23.2104 23.1086 0.1018 

22.7189 22.5948 0.1241 

22.8124 22.6889 0.1235 

22.9257 22.7927 0.1330 

60/40 23.0013 22.9462 0.0551 

23.0668 23.0302 0.0366 

23.3697 23.3369 0.0328 

22.7778 22.6237 0.1541 

22.8120 22.6683 0.1437 

22.9697 22.8232 0.1465 

70/30 23.0444 23.0358 0.0086 

23.0087 23.0020 0.0067 

23.3804 23.3738 0.0066 

22.8720 22.7289 0.1431 

22.8815 22.7334 0.1481 

22.9463 22.7959 0.1504 

80/20 23.0348 23.0320 0.0028 

23.0364 23.0332 0.0032 

23.2857 23.2831 0.0026 

22.8553 22.7223 0.1330 

22.8799 22.7444 0.1355 

22.9601 22.8231 0.1370 
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