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50402239 : MAJOR : POLYMER SCIENCE AND ENGINEERING
KEY WORDS : ELECTROSPUN/ NATURAL RUBBER

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.

Department of Materials Science and Engineering  Graduate School, Silpakorn University Academic Year 2009
Student's signature ...........cccccoii,
Thesis Advisors' signature ...........ccccceeeennee
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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
1 ¢ IRSG (2007)
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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

A1 : IRSG (2007)
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Injection-molding grades
Extrusion
Properties Units High Medium
grades
impact impact
Izod impact (3.2 mm.thick
J/m 320-500 160-320 80-640
specimen)
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

va a ~ o d? @ (% £ g 1 o w
antiaveanaraaneiiea lasna lvudumlandan Fuiludiudraglums
fruanNUET0 TUNITHAA (Processibility) HazmInuaNuSouveInardanedodno
J a g "o g' o [ 1
1179 (Compound) TasanuawisalumssanszduegiuiihmiinTuana nazdadiunmaunai
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Concentra- Heat
Matrix Chemical T, tion in the | resistanc
o Other properties
component constructure ("C) | ABSblend | e Vicat B
wt%) | 120 (°C)
Random Increase in thermal-
SAN copolymer S:AN 115 95-50 104 stability at high
80:20-65:35 acrylonitrile contents
Random
AMS-AN Depolymerization
copolymer 128 95-50 117 o
copolymer begins at 280 C
AMS:AN 70:30
AMS-AN | AMS:AN 70:30 Toughness lower than
Sequence | high proportion of 140 95-50 ~130 with random
polymer AMS pairs copolymers
Random High reactivity of the
Styrene-AN-
terpolymer anhydride ring, Heat
NPMI 140 95-80 ~130
S:AN:NPMI resistance limited
terpolymer
67:28:5

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

NPMI = N-phenylmaleimide

a ~ A a a 4 a = a
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e (Vicat B temperature)
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2.3 mstuauleae v (Electrospinning)[9-10]
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2.3.2 NUNDIVDIAITAZ YWD ANDS (Polymer Solution Parameters)
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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
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IBAuHUMIIe
3.1 mandinlflumsnaass
3.1.1 9NFITUHIAUNI (Natural rubber) 1058 STRSL UTHN Ana1jusedns $1in
3.1.2 Poly(acrylonitrile-butadiene-styrene) 1n35a SP200 U5H#N IRPC .,.Co.LTD
3.1.3 10052 1813 1(\]"!5 uﬁ’ (Tetrahydrofuran) iN3A commercial 1589 RCL Labscan
3.1.4 ZnO llfgljﬂ?maigmi”lzﬁfﬂmﬂcfﬁﬂ KI1J PAIBOON Chemical Ltd., Part.
3.1.5 Steric acid 1@AUOYIATIZHIINUTEN KIJ PAIBOON Chemical Ltd., Part.
3.1.6 Wingstay-L 1dA213011A5124910 15150 KIJ PAIBOON Chemical Ltd., Part.
3.1.7 Tetramethylthiuram disulfide (TMTD) l@auo1AT1zHa LT KIT
PAIBOON Chemical Ltd., Part.
3.1.8 Dibenzothiazoledisulfide (MBTS) 1dA11ue11A312¥ 9101550 KIJ PAIBOON
Chemical Ltd., Part.
3.1.9 Sulfur llﬁﬂ’ﬂllﬁ]‘lglﬂﬁ%ﬁmﬂﬂ?ﬁﬂ KIJ PAIBOON Chemical Ltd., Part.
3.1.10 CaCl, NNVITEN Ajax Finechem Pty.,.Ltd IN3@ analytical

3.1.11 NH,Cl INUTEN Carlo Erba IN3A analytical

3.2 gunsaluazinsesileslumsnaaes

3.2.1 m?mﬁnﬁﬂmmdnﬁﬂﬁ'lvhﬂmﬁqq (High Voltage) U5HN Gamma high
voltage research

322 m?mmmué@ﬁmﬂwa (Syringe pump) UTHN KD sciencetific 31 single
pump

3.2.3 @OUUUVFYYINA USHN EYELA vacuum oven 31 VOS-301SD

3.2.4 ndpaganssmisiaaaseululnsalaluuudesniig (Scanning Electron
Microscopy) i; 1 CAMSCAN mx200

3.2.6 1A5993AANNKTIAE5AY A8 (Brook filed viscometer) USHN Brookfiled
viscometer 'iq' U DV-E viscometer

3.2.7 Mﬂlﬂﬂio' 1J38N Hascon electric motor ’iq"Ll MS632-4
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3.2.8 BU0D3IADT UTHN Frenic-mini
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3.2.11 1A3 093 azBoainilond S e USEN Mettler Toledo 1 AB204-S/FACT
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3.2.13 InSeanadeuenanyain1snIgU1e Moving Die Rheometer (MDR) U35
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3.2.14 150sammaih fhwesansazats USEN Mettler Toledo JHSeven Multi

S47

3.3 95MInaany

= a d
3.3.1 ﬂ15!ﬂiﬂuﬂ]ﬁﬁiﬁu‘h’]ﬂﬂﬂ&lﬂ]’)ﬂu

i LT

NN 11 LAAUATOI Brabender

o ' a o & 2 d Yy = 9
UMNIYNWTTIUY I (Natural rubber STR5L) mmmﬂu%ugaﬂq Gl,ﬂll"llu1ﬂ1/ﬁ]$!flﬂ

Y 4 Y {q ¥ ' a a
wmwﬁmmm?m Brabender Ulﬂ Iﬂ‘(’JﬁﬂTJzﬁ{1"]111‘!ﬂﬁNﬁili%ﬂ’)NEJN‘ﬁiﬂJ"]ﬂmmzﬁﬁmu

'
Aaa

v A A 9 ' A o 3 A &
LUAIDU) D Qmﬁﬂnﬂi‘]ﬁzw,}'NWﬁllﬂ@ 40 “C, f’]'ﬂﬂJlﬁ'Ji@U"’Uﬂ\iﬁﬂE 60 39U/UN “]NGhJﬂ'lﬁ

QU

= 4 a qa: 9 = 1 a 1 o w A Y a 1A A
93 88ADNUIIANBITUFAUUILADINMT laaTIAVUAIANINAIAY 1N IHaNTIANLAINIAY
adlTimsnszaedIng uazlszansam Feensauuaazlsuanlduaasdaaisian 7

3 o 1 1 ad F4 Y 4
"]JHG]'E]“LﬂHﬂWiWﬁiI ﬁ'ﬂ 1/]’]ﬂ151ﬁll1/]\38’]\3ﬁ5511°]f’]@]ﬁ AL ﬁﬁiuﬂﬂﬁWﬁMﬂlﬂQ!ﬂ?ﬂﬂ Brabender

{ o oy Y . . 3| @ Qs: 1 a 1
Lﬁ@ﬂTﬂW‘iﬁﬂuWWUﬂIMmf}ﬁﬂ%‘] (mastication) Wunar 15 un wmmﬂuu'ﬁﬂﬁmimmmﬁm



38

Y
lalaudrey @atl ZnO, Steric acid, Wingstay-L, MBTS, TMTD, SULFUR fu&181 9UATL
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AN 7 UAAITATIAIUVDIANTIANLAIN 1F U 9BI TSR [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
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Solution Flow rates Voltage Tip-to-Collector
concentration (ml/h) (kV) distance
(wt%) (cm)
5-20 10-30 14-16 15-25
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m (qun1gn 3.1)

Specific gravity =

v

1N veenle81e lue1ma
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o [ Y] 1 31 9 9 1 [ ] 9
b = iminvesnalaluii ol lunmsonedleda o

v

Y E
W = ihmiinveIalsganaviua luii
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NR/ABS Ratios (%wt) Conductivity of solution (uS/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
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NR/ABS 50/50 NR/ABS 60/40
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n. YoyannNuMHAveIAI5AzaIl NR/ABS

A13 197 16 LEAAIAIANUNLAVDIA1TAZ A0 NR/ABS
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ANUTUTUVD AAUNTA (mPa.s)

A3z (wi%) 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
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319N 17 uaasdoyaauiarainaveudulongniludie Idhnds 1 1dgn Normalize Aae

] { 1 <
ANUUUULUUUYDI NR/ABS:50/50 ﬁﬂﬂWNL%ﬁJ%MﬁWia%ﬁ"lﬂ 15 wt%, 52ETNNTTHINY U

846139951 20 cm, 751013 1% 30 ml/h azaNuadnd 1 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
5 -
g
2 —=—Seriesl
g ——Series2
3 Series3
. ——Series4
—=Series5
0 2 4 8 10 12
Tensile strain (%)

NN 35 uang stress-strain vouduleNgniludae Indhwes NR/ABS:50/50 innududu

1 < @ @ [
q15aea18 15 wt%, 5$881/]1\15814'3']\‘]1Ja16!6Ul|ﬁ\3§5]')§@\151| 20 cm, f)@]i’lﬂWiﬂﬂ’iﬁ 30 ml/h g

anuaadng i 15 kv
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M3197 18 uaasdeyaauiinginaveudulengniludae luihndgs 13'1dgn Normalize A2e

f { ' <3
ANUHUUUHUUDI NR/ABS:60/40 ﬁﬂ'ﬂlll"]gljllslgl)uﬁ’ﬁaga'lﬁl 15 wt%, FEENNITHINU ey

846139951 20 cm, 73113 11 30 ml/h azaNuadnd i 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 2531
3.30814 106.05289 11.90
3.79632 106.62672 12.90
4.5
s —=—Seriesl
s
3 ——Series2
° Series3
£ )
2 —=Series4
-»=Series5
5 10 15 20 25

Tensile strain (%)

AT 36 UaAAT stress-strain vouduloNgniludie IWihves NR/ABS:60/40 fianududu

1 <3 @ o [
a13azay 15 wt%, 53831’]1\1531’731\‘]ﬂa18!‘lll|5\1ﬂ'Ji'fN'i‘U 20 cm, ﬂﬂi?ﬂ?il’lﬁa 30 ml/h e

anuaadnd i 15 kv
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A519 19 naasteyaduiarinaveuduleigniludie Ivdhndalildgn Normalize d20

f H ' <
ANV UULUUUDI NR/ABS:70/30 ﬁﬂ?’]ﬂ\ll%}u%}uﬁ'ﬁazﬁ'm 15 wt%, JTegNIErIlately

846139951 20 cm, 75113 1@ 30 ml/h tazaNuadd Il 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
T -=-Seriesl
S
2 ——Series2
(]
o Series3
e
& —=Series4
61 —x=Series5
0 100 200 300 400 500
Tensile strain (%)

ANT 37 uaag stress-strain voudulongniludie Iihves NR/ABS: 7030 fianududu

1 < @ o [
a13aza18y 15 wt%, 5$ﬂ$ﬂ1333ﬁ31\3ﬂﬁ18!ﬂ13~|5\1@]'Jﬁ@\?i‘ll 20 cm, ﬂ@]ﬁ’]ﬂ’]il’h’ia 30 ml/h i@

anuaadnd i 15 kv
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M13197 20 uaasdeyaauiinginaveudulengniludae luihndgs 13'1dgn Normalize A2e
f { ' <3
ANUNUILUUYDI NR/ABS:80/20 NAnuiduduaisazans 15 wtt, 5zezneszningtlaned

846139951 20 cm, 73113 11 30 ml/h azaNuadnd i 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
8
7
7 ° -=-Seriesl
2 5 .
2 ——Series2
<!
o 5 ——Series3
= .
g, ——Series4
1 —=Series5
0 1 1 1 1 1 1
0 100 200 300 400 500 600 700
Tensile strain (%)

AN 38 uang stress-strain vouduloNgniludae lvdhwes NR/ABS:8020 innududu
1 < @ [ Y]
A3z 15 wi%, 320z 195znINUaeduiedI5e95 20 cm, $a31015 1Wa 30 ml/h ez

anuaadnd i 15 kv
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A. JoyamnageumsuwsiIuved o
A Y a 1 :’ 9y A 4
NN 21 naasdeyadumsnadeumsunsiiuvedlorhveuduleniludqeluihives
{ 1 < @ o [
NR/ABS 100idududsazate 15 wi%, 530z ne5zninaroindadisedsy 20 cm, 603

M3 1va 30 m/h tazanuaadng Wi 15 kv

NR/ABS MnUeIEIsazaly WMinuesasazaty HNARUINID
ratios NABITUAY (g) AN 24 ¥u. (g) 15922101000 (g)

50/50 v . 23.0108 22.9089 0.1019
A eupu

v 22.9280 22.8185 0.1095
dule

23.2104 23.1086 0.1018

- 22.7189 22.5948 0.1241
Tutladne

D 22.8124 22.6889 0.1235
urvdule

22.9257 22.7927 0.1330

60/40 v . 23.0013 22.9462 0.0551
a1

v 23.0668 23.0302 0.0366
dule

23.3697 23.3369 0.0328

. 227778 22.6237 0.1541
Tatladne

D e 22.8120 22.6683 0.1437
uprdule

22.9697 22.8232 0.1465

70/30 o 9 . 23.0444 23.0358 0.0086
a8

v 23.0087 23.0020 0.0067
dule

23.3804 23.3738 0.0066

- 22.8720 22.7289 0.1431
Tutladne

D 22.8815 22.7334 0.1481
upaule

22.9463 22.7959 0.1504

80/20 oy . 23.0348 23.0320 0.0028
a8t

" 23.0364 23.0332 0.0032
idule

23.2857 23.2831 0.0026

- v 22.8553 22.7223 0.1330
ludladne

D 22.8799 22.7444 0.1355
urudule

22.9601 22.8231 0.1370
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Abstract, This research was atned o study the electrospinning of natural rubber (WR)-acryloaitnle
butadiene stvrene (ABS) blend. The WE used m this research was compounded n a torgue
rheametor, with stearic acid. wingstay-L. dibenzothiazoladisulfide (MBTS). tetramechylthinram
disullide (TMTLDY) and sullur, vespectively. The compounded MBE was Llended with ABS by
dissolving them m tetrahydrofuran (THF), concentration of solution meluded 5, 10, and 15 wiw%.
The ratio of NE/ABS was varied by varying the content of ABS of 20, 30, 40 and 50 wi%. Then
NR/ABS elecrrospun membrane was huilt up by electrospinning techmique with high volrage 15 kW,
flow rate 30 mlh. eollector distance 15, 20 and 25 em and collected the electrospun fiber on
rotating eueular at 1000 rpu. The mmplology of electrospun fbers were chametenzed by senmnyg
electron meroscope (SEM). SEM mnages showed that NEUABS membranes had higher porosity
with decreasing ABS contents, Decreasing ABS contents., decreasing solution concentation and
inereasing colleetor distance deereased fiber diameter of eleemaspun NR/ARS.

1. Iniroducrion

In recent years, the elecrrospinning rechnique has been interested for preparing nonwoven
nanofibers becanse of high surface area and very small pore size. Moreaver, electrospinning process
15 capable of makmg Ober dinneters (o vary approxinately rom 10 nanometers 1o more than 1
micrometer by electnical force supplied from lugh voltage power. When the electrospunung jet lefi
the neecdle tip during clecrospinning, the polymer solution is strerched as it wavels to the collector.
These high surface area and small pore size characters enable the electrospun fibers o possess
many potential applications such as optical materials, sensor materials, tissue seaffolds, dmg
dehiv EIY Sy>icisy, m Glizuiaon sysienny und PIUi.:ﬁL’ti‘-l.‘ ciuihmgi_lj.

A wide variery of pelymers mncluding polyvinyl aleohol[2]. Gelatn[3]. butyl rubber[4] and
syndiotactic 1.2 polybutadiens[ 5] have been used for producing electrospun nanofibers. So far,
there 15 no study on the ¢lectrospun natural rubber, thus draw our interests onto this research.
Natural rubber (NR) is one of its kinds of polymer which has very high molecular weight and the
prominent properties such as elasticity. flexibility. toughness, abrasion resistance with the sacnfice
of breathability. Therefore. namural rubber membranes produced by electrospinning technique could
provide a combination of stretchable and breathable materials. Acrylonitrile butadiene styrene
(ABS) copolymer is a rubber-toughened thermoplastic, The manufachuring process for ABS resin
begins with particles of crosslinked rubber being grafted nto an elastomer phase and subsequently
embedded into a continuous resin matrix, This crosslinked rubber phase provides ABS with many
excellent properties including impact strength, toughness. hardness. and bondability. Narural rubber
and ABS blends have been introduced as an altermative to study the properties of electrospun
nonwoven mats. They eould provide a combmation of twugh but yet stretchable and breathable
materials.

o d'nu-m-:-.m’mpqu mpendusned o Emramitied Iy Prenns Withees! thee weitten perrniasion of dhe
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Tu this work, the effect of ABS conlenls was nvesligated on the morphology ol electrospun NR.
In addition. the influences of electrospun parameters such as polymer solution concentration and
distances between tip to collector were also studied on the morphology of electrospinning NE/ABS,

2. Experimental
2.1 Materials

Natural mubber (grade STR-5L) used in this research was purchased from Sakdarocngreungky)
Co..Theiland. The additives of rubber compounds such as ZnO. stearic acid, wingsay-L.
dibenzothiazoledisulfide (\IBTS} Ielrametl‘yhhiuram disulfide (TMTD] aad sulfur were obrained

fonmenn LTTT nl'l'D('\ﬂ'\ [l STy cammibmd Dhoetan marlacon Tlaoilawcd e msim ol ] s PT ey
J.lL'llL Ml Dol '\_lLEllllL(‘ll J_.l €0 rariersii Lilallaliil, WV UlIIclvial EL{.ILIC eran I-.lUl.LlLdll

L p- tetrany
(THF) was purchased from RCL Labscan. ABS (grade SP200) was obtained by IRPC Co. Ltd.
2.2 Compounrding and solution praparation
The mixing of the componnd formulation as given n Table 1 was cartied ont in torque
theomerer (Barbender). Natural rubber was added and mixed at 60 rpm for 15 minutes; all other
ingredients were added and mixed for another 12 minwes. Sulfur was added last and the rubber
stock mmxed [or 5 mwore minules,
The rubber compound was blend with ABS by dissolving in THF. The ratios of NR/ABS were
made by varying the ABS content of 20, 30, 40 and 50 wt%. Lae concentration of NR/ABS solution
in THF used in this experiment was 3. 10, and 15 w/iw%.

2.3 Electrospinning process

A schematic of ths electrospinning system used in this research is shown in Fig. 1. The
electrospinning solution was placed in 20-ml syringe with a metal needle. A high DC power supply
(Gramma Hizgh Voltage Research, Ine.) was used to provide a high voltage of 15 kV to charge the
polymer solution contained in the syringe. A syringe pump (KD scientific) was used to conrtrol
polymer solution Jow rate of 30 wl/hr, A l'UldlLl.lE cireular aluminumm plate was used as colleclorn
The tip-to-collector distance was 15, 20, and 25 cm. The electrospun NR/ABS were dried at room
temperature for 1 ar to remove any residual solvent.

2.4 Characterization

The viscosity of NE/ABS solution was detsrmined by a rheometer (Brookfield Co.. USA). The
unenred electrospnn NR/ARS were characterized by seanning electron microscope (SEM. camscan
mz=200). All speeimens were coated with gold prier to SEM. The fiber diameter was measured on
the SEM 1mages.

Table 1: Compounding Formulation Palrmer Soludon
Materials phr*
Natural rubber ($TR-5L) 1C0.0
Zn() 50
Sterie acid 2.0
Wingstay T. 10
MBTS 1.0
TMID 0.1
Sulfur 2 75
"pir =part per hundred rubber Fig 1 Diagram of the electrospinning process.

3. Results and Discussion
3.1 Effect of ABS contents on morphology of electrospin namiral rubber fibers

Fig. 2(a) depiets SEM 1image of electrospun NR showing a significant fibrous merge.
Electrospun NE fibers could fuse together due to its rubbery like condition at room temperature.
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fibers. Because carbon black aliened along the electrospun fibers, thus, it could control morphology
of electrospun butyl mibber. Therefore, ABS was employed in this research 1n order that the fibrous
]'I'I.C!'gi.l'lg 'I.\"u'l'l.l]d 111:' ‘h"l'.lﬁil.'!tl.'! o EC’T A% IOTre I].I'I.!I'rﬂl'l.'ll i‘ﬂ'l':l' a% pn‘ﬁilﬂ:. T11C I11n|]}11~1[ﬂg? “r‘l“
electrospun could be purposively controlled by varying ABS contents.

Fiz. 2(b-2) shows the morpholegy of uncured clectrospun nenwoven NRVABS fibers as a
function of ABS content, They showed significant effects of ABS at all different ratios that enable
the smooth appearances of the fibers, Electrospun WR/ADBS fibers exhibit diameters ranging from
14 = 21 mmieron as shown m Table 2. As seen m Fig 2(1) at the lowest amount of ABS. the merged
t‘lhl:l"u L'I.'“'I.I.I.'I hﬂ' Lt = b \"-'iT!:l ﬂ'lf ‘-|11i'!11l:‘-1' 'F;I'IC'I' di.ﬁ!'l'lﬂ't:r. 15-;'11f|':ﬂ‘| Tj]t}r J'I'I."I‘u‘uﬂﬁ‘u TI.'I.: ]'Ii_E]:lC‘ur |'H.'r|'|: "\i?t
compared with neat counterpart. At higher ABS contents as seen in Fig. 2e-2), electrospun mats
Mlustrated no traces of merged fibers. Larger diameter of electrospun NE/ABS fibers was observed
as a function of ABS content.

L A -

Beei L}
Fig 2. SEM images of (a) electrospun NR fibers and electrospun NR/ABS fibers with difference
ABS contents of (b) 20 % (¢) 30% (d) 40% and () 30% by weight. The soluton

concentration and tip-to-collector distance were 15 wi?% and 20 cm, respectively.

1.2 Effecr af solurion cancanmarion and fp-ro-callecrar disrance on elacrraspun NR/ABS fibers

Mot only the effect of ABS contents on electrospun fiber marphology but also the aother
parameters affect the electrospinning preparation which led to the outcome of porosity and diameter
differences. These include the solution concentration, distance between the needle tip and collector,
flow rate of solution and voltage supplied. This work focuses on only the effect of solution
concentration and distance between tip to collector on electrospun fiber morphology by using
NE/ABS ratio of 50050, flow rate of 30 mlhr and high voltage of 15 KV,

The concentration of solution plays an mnportant rele m deteruning the fiber formabaliny[6].
Adcquare viscosity 15 onc of the necessary conditions for clecrospinming to form the fiber. At low
viscosity of Swits NR/ABS colution concentration, the undesired beads regularly incurred. With the
merement of the viscosity, there 15 a pradual chanpe of the beads shaping fom spindles-like 1o
smooth fiber, As seen in Table 2, the diameter of electrospun NE/ABS fibers was decrcased with
the reduction of the polymer solution concentration. Whilst the increase of the distance between tip
5L <l ADC 13 freouen T
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somewhat smaller. This could be sxplained by the fact that there was enough time for the selvent to

evaporate upon the arrival at the collector

Table 2 Propearties and conditions of NR/ABS solutions and the resulting electrospun nonwoven
NE/ABS mats.

NR/ABS LUS:!:;::EEUH Tip-to-ccllector Viscos:‘ry . Avlemge of
o distance (cm) (mPas) Fibzr dizmeter (pum)
(%ow/w)
50050 5 13 - - (Beads)
10 15 174=17 578 = 3.5
15 15 882=70 22,95 = 9.63
S0/50 15 20 88270 2000 = 7.71
15 25 882+ 70 15,40 + 8.99
50/40 15 20 951=76 17.81 = 6.91
70/30 15 20 1¢02=50 21.07 = 5.10
80/20 15 20 1830=55 1440 = 513

4. Conclusions
In this study, the electrospun nonwoven NR/ABS mats were successfully prepared by

electrospinning technique. The fiber diameters become smaller and higher porosity with decreasing
ABS contents. However, the solution concentration is much more influential effect than the one of
the ABS contents. ABS itself is efficiently capable of contralling the morphology of electrospun

membrancs namely uniformity, diameter size and its porosity. Henee, onc could properly choose the

J
additivas in oedar Tytas
uve H ic

rioht chatca af the fine fillare Aar the cnstahla nalvmiare Ar the annraneiata 1ty c 1  nhitain
right choice of the fine fillers or the suitable polymers or the appropriate additives in order to obtain
somewhat more uniform fibers and avoid the merging phenomena of the electrospun nonwoven

mats.
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Abstract— In e presemt contribuition. swccessful prepararion of witrafine fibers of matwral rubber (INK) witht acrilonitrile-
buradiene-srvrene (ARS) blend vig elecrrospinning process was reported, The narural rubber was compounded with ovher
additives and salfur for vileanization. The NRARS was Mlended by dissolurion with serrahvdrofiuran (THE). The roral
concentration of the solution was 15 wefe, The composition weight rasios berween the NR and ABS were 80020, 70030, 6o,
and S50, Scanning electron microscope (SEM | was employed ro tovesiigare the morphology of the elecirospun NRARS
membrane after cured. The effects of electrospun process parameters on e morphology such as voltage (14, 1.5 and 16 kV)
and flow rate (10, 20 and 30 mlf) were studied. The average size of the elecirospun fibers were also stwdied and found thar
the shape of the electrospun fibers showed a closed relaion o the voliage, Whereas increasing che flose rate would endarge

the diamerer of elecirospun NRAABS,

Keywords— ARS, Electrospinning parameter, Natural rubber, Nomwoven Mats

L. INTRODUCTION

In these recent years, many lechniques 1o produce
nomwoven mal have been in great interest such as
drawing, template  synthesis,  self  assembly  and
electrospinning technique. However, the electrospinning
can convert the polymer to nonwoven mal using polymer
solution or polymer mell, By applying vollage (o polymer
solution and then it would charge the polvmer into Taylor
cone and traveling to collectar. There are a number of
advantages of as such nonwoven fbers such as high
surface area o volume ratio, high aspect ratio and high
porosity with minute pore size. Undoubtedly, it would be
suitahle 1w use in application of biomaterial, ulirfiltration,
profective  clothing,  support catalyst  and  also
reinforcement in composite materials,

Matural rubber { Hevea brasiliensisy is from para-tree
and can be found in many parts of Thailand, Tt provides
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good mechanical properties, especially, tensile strength,
When electrospun nonwoven mat was made from natural
rubber, it showed the merged fOber  becanse  the
electrospun natural rubber could fuse topether because of
its rubbery like condition at room temperatune, Many
researchers have found and anemped 1w solve these
related problems in a variety of polymers, for example,
using UV as crosslinking agent for  Polybutadiene
nonwoven mats [ 1], filling with carbon black as the filler
in Polybutyl rubber nomwoven mats[2]. emploving
syndiotactic  Polybutadiene]3] as in the thermoplastic

elastomenic electrospun fibers,

However, no rescarch on electrospun fibers  from
polvmer blend with NE had been found. And this would
be a good chance to extensively investigate the fused
problems  of the nonwoven  clectrospun her  using
polvmer  blend with NR  along  with  some  other
characteristics of the clectrospun fibers, In this study,
natural rubber was blended with acrylonitrile-butadicne-
styreme  (ARS)  Typically, the propotion of each
component for ABS can be varied 0 improve s
properties, for example, impact strenpth, toughness,
chemical resistance and heat resistance in order 10 meet
each specific application.

In electrospinning technique, the characieristics such
as fiber diameter, porosity as well as morphology were
influenced by wvarious parameters such  as  solution
concentration, applied voltage, tip-to-collector distance
and Mow rate, In the previous work[4], we studied two
paramelers  of  uncured  electrospun NRJABS  on
electrospinning such as solution concentration and the tip-
to-eollector distance. In werm of solution concentration,
we found that the Dber diameter was directly proportional
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o the solution concentration, And for the effect of tp-to-
collector distance, the diameter of fiber tended 10 decrease
with increasing  the  tup-lo-collector  distance  due 1o
allocated  time  for  solvert 1o he  evaporated  and
siretchability upon the arrival o the collector,

In this present work, we would study some other
parameters such as apphed vollage amd Mow rate which
affoct om oloctrocpinning procose and the mosphelogy of

AT TORES AN oTpR gy

electrospun NE/ABS afer cuned.

20 Materials

Matural rubber (STR-5L) vsed in this research was
purchased from Sakdaroongreungkij Company Limited.
The additives of rubber compounds such as Znl), sicanic
acid,  wingstav-L,  dibeneotbiacoledisuliide  (MBTS),
tetramethylibiuram dizulfide (TMTD) and sulfur were
obtained from Kij Paiboon Chemical Limited Partnership.
Commercial grade etrahvdrofuran (THF) was purchased
[rom RCL Labscan. ABS (SP2K) was oblaned by IRPC
Public Company Limited.

4.2 Comnpounding amd Sofution Preparation

The mixing of the compound formulation as given in
Table 1 was carmicd oul in torque rheometer (Brabender),
Natural rubber was added and mixed at 60 rpm For 15
e re, Al pther ineredionts wens sl
another 12 minutes. Sulfur was sdded last and the rubber
stock mixed for 5 mone minutes.

1 and muxed Tor

Polrmer Solation

Light Sappiy

Figure 1. Diagram of the elecirospinning process

2.4 Characterization

The uncured electrospun NRE/ABS  and  cuned
electrospun NRAADBS wene choraclenzed by scanning
electron microscope  (SEM.  camscan mx200), - All
specimens were coated with gold prior to SEM. The fiker
diameter and average fiker distribution were measured on
the SEM images. The cure charactenistic of rubher
compound was observed by Moving Die  Eheomeler
(MDE, Model GT-M2NH, GOTECH Testing Machine,
Ind, Taiwan)

Table 2. Average Fiber Diameter of Uncured Electrospun
NR/ARS mt Al Different Ratios of ABRS. Applied Voltage
is 15w %.

Content of ABS  averape of Fiber diameter (um)

20 1370+ 274
Tabie i, Compounding Formuiaiion 30 inii=3id
40 1257+ 226
Materials phr# 50 1542 % 2 65
Matural rubber (STR-3L) 1 M0, 0
Falilh ] 5.0
Steric acid 20 Tahble 3. Sa:orch_T:'nm (t52) and Cure Time (tc®0) of KR
Wingstay L. Lo Compounds at Different Temperatures,
.MB.TS 1.0 temperature =2 1)
T™MTD 0.1 (*C) (s (s)
Sulfur 2D 130 1:00 1:35
“phr = pant per hundred rubber 1540 0:31 1:12
200 0:24 k56

The nubber compound was blended with ABS by
dizsolving in THF, The ratios of NE/ABS wene made by
varving the ABS content of 20, 30, 40 and 50 wi%:, The
concentration of NR/ARS zolution in tetrahydrofuran used
in this experiment was 15 wiw.

23 Elecirospinning Provess

A schemaiic of i clecirospinmng sysiem used in
this research is shown in Fig. 1. The electrospinning
solution was placed in 20-ml syringe with 4 metal needle,
A high DX power supply (Gramma  High Vollage
Research Ine. ) was used 1o provide a high vollage of 14,
15 and 16 kV to charge the polymer solulion contained in
the syrninge, A syringe pump (KL scienbilic) was used Lo
control polymer solution Mow rate of 10, 20 and 30 mbhr.
A rotating circular aluminum plate was vsed as collector.
The tip-to-collector distance was 20 cm. The electrospun
NRABS were dried ol room lemperature for | br Lo
remove any residual solvent and cune in vacuum oven for
2 minar 190 °C,

S RESULT AND DISCUSSIOMN
J.1 Effect of ABS Content on Morphology of
Elcctrospun NE/ABS after Cured.

Ohur previous  eporis on uncuned  eiecimospinning
NR/ABS showed that the polymer could be spun from
NE/ABS and possess uniform fiber and porosity at all
different ratios of ADS [4]. This work will Tocus the effect
of ABRS content on morphology of electrospun NR/ARS
after cured. Fig. 2 shows SEM images of uncured and
cured electrospun NRJARS for four differemt ratios of
ARS (20, 30, 40 and 30wt %) AL the ARS content of 20
wi of uncured electrospun NRSADS, it shews the
diameter of uncured  electrospun fiber  was  slightly
increased from 13.70 £ 2.74 lim 1o 1542 £ 265 lum when
the content of ABS was raized from 20 wi% 1o 50 wi% as
shown in Table 2. And the porosity of uncured
electrospun NRAARS at the low ABRS content of 20 wi
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possessed the larpest pore sive compared with other ABS
content i the range of 20 wi% Lo 50 wi%. As seen in Fig
2, the fiber of uncured electrospun NR/ADS has two
shape patterns such as eylindrical fiber shape (Fiz. 2a, 2c)
and ribbon fiber shape (Fig. 2o, 2g). The nbbon fiber
irospun fiber can be explained by
the evaporation of the solvent during the fibers travelling
tr the collector in the electrospinning process [ 3, 6]. This
could be explmned that when the  solvent  rapidly
evaporated. the solid — sking werne formed. which caused
the solvent entrapment  inside the fiber. The slow
evaporation would lead the structure to collapse and
formed the ribbon.

Electrospun NR/A RS

Unewred mats

Fignre 2. SEM microgranhz: of uncured alactrospun
NRABS () 20 (c) 30 (2) 40 and (g) 30% by wt of ABS
content and cured electirospun MEFABS (b 200 (d) 30 (i)
40 and ch)y 50 % by wi of ABS. Flow rate and voltage ane
10 mbh and 15KV, respectively.

Scorch time and cure time For NR compounds
different wemperatures are shown in Table 3, This could
help select the optimum temperature for curing the uncure
slectrospun NRIARS, It was found that cure time would
decrease with the temperature was raised from 180 °C 1o
200 2C, The selected temperature for cuning electrospun
NE/ABS was at 190 “C, Because heat transfer via air
medivm inside vacuum oven when placing the uncure
electrospun NR/ABS samples into it would have slower

heating effect than the heat transfer via heat conduction in
tvpical polymer processes, Also when considening the
typical curing curve of the rubber depicting the modulus
viersus curing mme, it could be predieted that the overcure
might take place if it was at 200 *C or higher emperature,

Fiz. 2b. 2d. 21 and 2h show the morphology of cured
vledrospun MRAARS, 1L showed thal the appearnce ol
smooth fiber in uncured clectraspun NRIABS (Fig. 2a, 2¢,
2 and 2ph had changed to the merge fiber condition after
pemg cured. The resuii i Figo Zb, 2d, 20 and 2 shows
that the porosity of cured electrospun NRSABS was
increased with the ABS content scaled up from 200 wi' 1o
50w, Fig. 2h shows the cured electrospun NRJABS
(HNH wi%), it possesses the lareest pore size and
manlains the porosity compared with other ABS contents
on cured  electrospun Ober. The cured  eleclrospun
NRFARS fibers wene fused or bonded together an their
contacted sites, The evidence was clear when the cuned
electrospun MESABS lost their initial cylindrical fiber
shape and ribbon fiber shape vsed o be seen in wncured
electrospun NR/ABS (Fig 2a, 2, 2e and 2g). Choi 55. @t
al.[1] had swdied polybutadiens fiber crosslinked by UV

Irrsdiation, The problem was the swollen Rher and Tused

Topet
They had attempled with success o maintain circular
cross section of fiber via in sim UV curing al room
e mperatune.

rdue tooits low glass transition emperatune (T,),

Tahle 4. Fiber Diameter of Uncured Elecirospun NRSARS
(50650 wigs) at Different Flow Rate of 10 mi'h, 20 mih
and 30 mlh. Applied Yoltage 15 15 kY.

Flow rafe  average of Fiber
imibkh) dianmeter {pm)
1 13,42 + 265
20 17.85 =425
L. 19.65 £0.01

12 Effect of Flow Raies om Uncured Electrospun
NRARS

In general, the prodectivity can be increased by
increasing the solution concentrution or the low e,
Table 4 shows the Mow rate dependence on the uncuned
electrospun NRE/ABS. At a lower flow rate of 10 mlh. it

phoasies m msdiadion e tha  Flas dleesapas af seeaas e
BIPWA A ICOURLDN B u  pioCl Qidanicucr o Ui uincg

glectrospun NRAARS o b at 15.42 £ 265 from at 19,63 +
6,51 with the flow rate at 30mbh. It would ake a longer
period of time for the fiber jet stream to dry due 1o the
larper amount of solution drawn from the needle tp. And
the solvent might not have enough time (o evaporate from
Uz ddeposited Gbers al a given Dight Gme. Additomally,
the residual solvent might have caused the fibers to fuse
together when forming webs at the contacl points,
Therefore, a iower flow rate is more desirabie because of
the ample evaporation time for the solvent.

2.3 Eifect of Applicd Yoltages on Uncured Electrospun
N/ARS

The applied voltage s ome of the important
parameiers  for  charging  the  jet  of  solution,
electrospinming o form Taylor cone and raveling 1o the
collector, From the resull in Table 3. it shows the average
fiber diameter of uncured electrospun NESABS (30050
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wife) increased from 20083 £ 10096 um 1o 32.58 + 1879
fum when the applied voltage was increased from 14 kV 1o
16 kY.

!ﬂﬂ |,J_III

(dy 15kV

i) 16 kV i 16 kY
Figure X SEM micrographs of uncured electrospun
NRE/ABRS (50050 wif) with different applied voltage of (a)
and (by 14EY () and (d)y 1 5EY () and (0 16KV, Flow rale is
30 ml'h.

The positive charges al the tp of the needls can be
formed and accumuolated with the applied voluage w e
polymer solution. The higher the voltage applied, the
more the positive charges can be formed. Once the
positivie charges formed excessively, the polymer solution
would be driven to the grounded collector with Taylor
cone shape at the needle tp. The higher voltage applied,
the thinner the fiber obained.

Table 5. Fiber Diameler of Uncured Electrospun NE/ABS
(SIVS0wt %) at Different Applied Voltage of 14-16 KV
Flow Rate is 30 ml/h,

Viltage average of Fiber
(k\V) diameter (pm)
14 .83 = 1009
13 163 £0,31
16 3258+ 1879

However, It was found from the resull. in this
research, indicated in Table 5 that the effect of applied
voltage on diameter was in opposite way with Bechlev V,
et al[7] and Gu 8Y, et al[®]. It was understood that this
was responsible by the ribbon shape of obained

clectrospun ber as illustrated in Figo 3¢ and 3L Tie
nbbon  shaped Ober would be  caused by solvent
evaperation within Ue electrospun Nbers,
4. CONCLUSION

The electrospun NE/ABS  were  produced by
electrospinning. Experimental resulls demonstrated that
morphology of  uncumed  electrospun NRJAHRR  wag
changed after curing, It was found that cured electrospun
ME/ABS at the ratio of 50030 could produce the best

alamtpnsman  flhar il with hish moaeaciio Tha faciaes
SaCiPospun NI WAl wiln BiEn poresily. ane Iadlors

affecting the properties of spun fiber can be as follow:

- The high voliage wsed w apply in the
electrospinning  process would  imrodoce  the  thicker
ribhan fiber shape,

- High flow rate applied 10 polymer solution would
lead o larger diameter of the electrospun fiber.
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Abstract. The electrospun natural mibber (NR) with two different components namely: acrylonitrile
butadiene styrene (ABS) and carbon black (CB) have been extensively studied. The main objective
wias o investigate the mechanical properties and penueability dzpendency of NE/ABS and NR/CB
as well as its contents. WR/CB was compounded by torque rheometer (Brabender) while ABS was
dissolved with NR nsing tetrahydrofuran (THF) as its solvent. Sulfur was nsed as the vuleanizing
agent 1 both systems. Mechaucal properties were evaluated by wmversal testing macline and
permeability was observed by water vapour permeability. The optimum conditions for electiospun

NE/ABS and NR/CB non-woven mars were as follows: flow rate 30 mbi \’Dllﬂg-l: 15 KV, r:nllcctn:-r

i poe 20 o and collecied on u..u.-l:uu.:t citctlar 1..!1.1!'L at 1000 Tl The resulis of w
wrf_mornm showed that for [‘Iﬂ'fmmm NE/CB finer membranes. the 'I'._wr'l or the CB Iﬁndmn- it had.
the lower its tensile strenzth and Llcrnga.mn it wonld be. Whilst L]c::rmspml NR/ABS fiber mats. the
elongation behavior was affected by the ABS loading but not the tensile strength. For permeability.

NR/CB was shown 1o possess relatively higher permeability than the NR/ABS non-woven mats.

]
FiEL

Introduction

MNatural rubber (Hevea brasiliensis) provides a wide range of possibilities m many applications
dne to specific viscoelastic properties and crosslinking capabilities, The vuleanizing agents nsed
are, for exmmple, sulfiur and peroxide. One of 15 zood properties 15 tensile strength and can be
modified by fillers, additives or polymers such as fly ash. organo clay[1]. carbon black]2]. zeolite,
lnne sihica, polverthiylene, polypropylens[3]. styrene butadiene mbber[4] w0 improve properiies, for
mstances, toughness, upact properties, heat resistance and chemical resistance.

ABS 15 a copolviner denved from acrylomitnle, butadiene and styrene, The advantages of ABS
combine the strength and rigidity of acrylonimile and styrene monomers with the oughness of the
butadiene mbber. The proportion of each component far ABS can be varied ro improve its property
for each specific application. The most important properties of ABS are strellrth and mugmess

Carbony black is Lhunown as reimforcine filler for rubber ndustry o jnpeove 1S nrooeri
L a0 allUOWID G5 IWLLIR AR alael el I =5 ORGSR W HNpIOYe s propgsnt

properties can be controlled by vary carbon black loading and particle size.

The fabrications of non-woven mats can be made from several processes such as melt spraving.
sol-gel and elecrrospinning. Howewver, the electrospinning can produce fiber diameter into
submicron with high surface area to volume ratio and porosity. A tvpical electrospinning process,
fibers are drawn frem a selution or melr throngh a blunt needle by electrostarie forees. Typically,
the splints used in medicinal areas are relatively stiff with low breathability. Our study will
purposely ke (hese sphnis w feesibly becomne wore Nexible md breahable o some extents. Al
it would be less possible if the natral mbber, ABS and carbon black are not the materials used for
our study, Therefore, this study will focns onto mechanical and water vapor penneability properties
by a comparison investizgation of the two composition systems i.e.. Natural Rubber with ABRS and
Natural Rubber with carbon black for electrospun nonwoven membranas.

All righits ressrisd. Mo of conbsnis of Bk paper may b reproduced or ransmaned in any fom oF by any means without ths writen pemission of o
pubrlgnhw Trans Tech Fublicatons Lid, Switzedand, waw, tpoeat. (ID: 207 44 135 M-1ﬂ|‘ﬂ%_l]’|‘.'l&d1]
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Experimental

Marerials

Natwal mabber (STR-5L) used in this research was purchased fiom Sakdaroongreungkiy Co.Lid.
The additives of rubber compounds such as Zu0, steanc acul, wingstay-L, dibenzoilnazoledisulfude
(METS). temawethyliiwmn  disulfide (TMTD) and sulfic were obtamed from Kij Paiboon
Chemical Limited Partnership. Conunercial grade temrahydrofuran { THF) was purchased from RCL
Labscan. ABS (SP200) was obtained by IRPC PLC. Carbon black (N550) was obrined from Thai
Carbon Black PLC.

Compaoninding aud solufion preparalion

The mixing of the compound formulation as given in Table 1 was caried out in torque
rheometzr (Brabender). Nanoal mubber was added and npuxed ar 80 mpm for [5 mimnes and then
carbon black was added tor 5 nuoutes. All other mgredients were addad and muxed for another 12
minutes. Sullur was added last and the rubber stock mxed for 5 more mimules.

The mhher 1 r 4 W
were made by varying llll.‘.' ABS content of 20, 30, -IE]' and 50 wit%s. The concentration ut \TR .-‘ILH‘*':
solution in rerrahydrofioran used in this experiment was 15 wiw%a.

tfc*c'n:wpnm.ug process

Tha alasteacmimn g anlivbian wrae wlasad se 0 0
LU s T OSPIIREINTE SO0 Was Puaced i Lu

supply (Gramuma [ligh Voltage Research Inc.) was used to provide a |1I211 '-oltaac of 15 KV to
charge the polviner soluton contained i the syringe. A syringe punp (KD Scientific) was used 1o
conrol polymer solution flow rate of 30 mllr. A rotating circular alunimun plate was used as
cullecton, The lp-te-collecton distance was 20 v The electiiospun NESABS wl WRACE wee diied
at room temperature for 1 hir to remove any residual solvent and cure in oven at 2 min at 190 °C.

2.4 Testing

Table 1: Compounding Formmulation . .
The mechanical behavior of the cured

Materials e electrospun NR fiber mats was examined
Narural mbber (STR-5L) 100.0 with universal testing machine {Instron)
iy 50 with a crosshead speed of 10 mm/min and
Steric acid 20 load cell 500 N. All specimens were 10
Winestav I 50 R . T Ty R 0 | F———
FALEsAr L e o ¥ 50 mumn. The permeabiity  was
:{f:f; ;T measured by water wvapor pennesbility.
Sulfur 2 g Density wsas  investigated according to

“phr=pan per bundrad rubber ASTM D792.

Results and Discussion
.i"-.'ﬁ?'rr af ("anym*:’n’mr an Mechanical Pmpﬂ'nm‘ nr"FFfrn'mpmr NR/ABS and NR/CH

Stress-sirain behavior of ';li-:f.'l.i'ﬂii]_..'iiil NR/ADS and NR/CD fiber miats is shownin I er-; 1. The
resulting rensile strength. ultimate elongation and modulus from each composite are normalized by

densiry as shown in Figure 2 and 3

\O
\S)

£
‘;b'

it - L NSU0D

[T

“
™
™
a
o
a
™
o
(@




Advanced Materials Research Vols. 93-94 621

+ Tmsade srengrh 1R ABS & Tomcide voagrh TR CB

& Socpanes at bowd I, ADS & Seapance o ek (S LD
] 0]
&
- & & s T
: g » : wl
E s . w B
5
w g 0 (1) E
W L
’! F
- b L !
e ' .
v v
‘ 20 30 40 50 ‘
SErakm (V) | ARS or UB conirmi
Fig 1: Stres-smain curves of electrospun NR/ABRS Fig I: Efect of ABS and CB content on lensile
and NR/'CB fiber mats. The inset shows stréss-strain strength and ultimate elongation of elecrospun
eurves of elactraspun NE/ABS 40 wite and S0 witda. NR/ABS and NRCB fber mats.

As demonsirated m Figure 1, the mechanical behavior with NR composition can be categorized
into two systemms. Firstly, electrospun fibers of NE/ABS blends show a relatively low elongarion
behavior with the increase of ABS. In other words, the lower of elastic region wonld affecr in low
elongation at brealk. However, ABS contant has little effect on tensile strength of electrospun
NR/ABS content.

Typically, carbon black is the primary reinforcing filler for mbber industry, For this study, the
electrospun fibers of the NR/CB system showed somewhan significant finding as shown also in
Figure 2. It demonstrates an inerement tendeney of the tensile strength and clonganon behavior
once the CB is added mito the system at a lower content. The presence of more CB content would
mduce a relatively higher conductivity to the electrospun fibers, then would reduce the fibrous
diametzr (from 6.56 £ 1.61 um at CB 20 wi%e 10 4.26 + 1.58 pm at CB 30 wi%s) and thus would
enhance the amount of porosity. This could be szen from Table 2 that elzcospun NR/CB fiber
mars ar a lesser densiry was appeared at a higher amount of CB in the elzemraspun NR fiber
membranes, Therefore, one conld wimess a higher rensile strength and elongation ar break of
electrospun NR/CE fiber mats at a lower presence of the CB i the svstem. In other words, the
amount of CB in elecrrospun NR/CB fiber mars would signiticantly derenmine irs tensile swength
and elengarion behavior.

Effect of ARS content on Young's modulus of electrospun NE/ARS fiber mats 15 shown as in

Fiemra 3 It 18 found that madulig inersacad with incrgacine ARS coantent Thic can hs avnlainsd
CLEMEE 2.t 15 DOUG AT IeGIUNS HICTEAse0 Wil HICPEasinZ2 A CcOollivln. 2015 Al 09 SRpailied

thar the load transfer 1o stiffer ABS component fiber from low modulus elastomeric WE fibers.

 Premsasing KR AT oPermatian TRCH
% Premmmasien MRATES £t Permmatn Y2 CB
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£ xa : 200 an
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Fig 3: Effect of ABS content on Young s modulue Fig 4: Effect of ABS and CB content on water vapor

of electrospun NE/ABS fiber mats, pezmeation of electrospun NE fiber membranes,
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Eftect of Compuosition on Permeability of Elecirospun NRUABS and NR'CB

Permeability of moisture is important to keep comfortable in clothing applicarions. Figure 4
compares the water vapor penmeation of electrospun NR/ABS and NR/CB membranes as the
menon composiion loadmg, The penneabality of waler vapor throuzh NE/ABS Obwous nats 15
less than that of NR/CB fibrous wats when considering at the same amount of the filled component.
CB possesses the poresity which greatly nnpact ou not only the density of the Gber mals bul also
affect on the amounr of the warer vapor trevelling through the svstem.

The porosity depends on fiber diameter and pore size [5]. As our previous moerphology smdy
[6]. fiber diamerer of electrospun NR/ABS was reduced from 20,90 + 7.71 pm 1o 14.40 £ 513 pm
with decreasing ARS content. Ar the room temperamire, the molecnlar chains of WR have high
mobility, thus epabling the chains 1o disentangle or slip past each other easily. Addinon of ABS
resulted m the restnenon of the mentoned mbbeary cham mobility, and thus it would Keep those
pores of electrospun NE/ARS Obers (o remain active wineh enabling the water vapor (o penneste.

Table 2: Density of Elecirospun NE/ABS and NE/CEB membranes

ABS or CB content (%ewt) 20 25 30 40 50

Diensity of NRSARS (g2'ce) 0.81 - 0.74 069 0.67

Density of NR'CD  (gee) .87 0.70 0.61 = =
Conclusions

In this research, a comparison study of the mechanical and the penneability property of
electrospun NR/ABS and NE/CB membrane was carmed out. It was tound that lugher content ot
both ABS and CB conld intensify the permeability. Mechanical propemies of NR/ABS and NRCB
were investizgated and found thar for elecrospun NR/CB fiber membranes, the higher the CB
loading it had, the lower its tensile strength and elongation it wonld be. Wlalst electrospun NR/ABS
fiber mars, the clongation behavior would be the only one which was affected by the ABS loading.
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