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ABSTRACT

A vulcanization process of dipped mold deproteinized natural rubber latex film was
investigated in order to produce non-allergy vulcanized rubber thin film products. In this study, the
non-allergy rubber thin film was coated with polymer acrylate in order to improve the strength of
thin film compared with green strength rubber before and after thermal aging.

Deproteinized natural rubber (DPNR) latex was prepared from an incubation of high
ammonia natural rubber (HANR) latex with urea 0.1 wt% for 1 hour adding sodium dodecyl sulfate
surfactant 1.0 wt% at room temperature. The DPNR latex at 60 % dry rubber content was pre-
vulcanized by being mixed with glove formulation chemical compound at 50°C for 25 minutes.
Then DPNR thin film was performed by dipped process into the pre-vulcanized DPNR latex and
coated with acrylate polymer (C1) and styrene acrylate polymer (C2). After that the prepared thin
film with 1 minute control thickness was vulcanized in the oven at 50°C for 5, 10,15 and 20
minutes respectively.

Findings of the research indicated that the nitrogen content of the DPNR after the removal
of proteins from natural rubber was reduced from 0.45 to 0.06 wt% of HA-NR under the test
condition. The reduction of protein content can be confirmed by observing a chemical structure
through FT-IR technique. The urea treatment was an effective method to remove protein from
rubber latex and the amount of water soluble protein of dipped mold DPNR film decreased to 1.52
ugl/g by modified lowry method. It was found that mean diameter of particle size and zeta potential
of pre-vulcanized DPNR were about 804 nm and -37.7 mV which were higher that of DPNR and
HANR due to rubber chemical compounding. The tensile strength of thin film coated by C1 and C2

at 10wt% was higher than 20wt% while the elongation and the modulus were not changed. 100%

(4)



and 300% Modulus of all thin films increased as a result of increased curing time with the highest
value at 20 minutes. Furthermore, the dipped latex films can retain the majority of their tensile

properties on account of the accelerated aging.

Keywords: deproteinized natural rubber, sulfur-vulcanization, non-allergy thin film, mechanical

properties
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2 y 2 ¥
pUUHY (Drying) tazmsiuglerslagldniudou (Heat Vulcanization)niiin1swzd1edieni
(Water Leaching) a13nsamsaldsaueenaindimthld uelsiaiunsamineenlanua
P 1 I { o o d Aa
1l le 1Aun Proteases 1)1 Hydrolytic Enzyme Nanunsarldwuszimy Indimanisuen
X tal 3 I {a o 4
pon 14 Fans 1o lmides Tsaulumheruiluasnien s lugaavinssy wulaiii ldanns
o v A [ a
winuuaiiseaenusin lineldinalsa (Nonpathogenic Strain Bacteria) 1o 1% 1ugdvoininio
d15aza1e 14l 1998 USHN Tillotson Healthcare Corporation 1@suilenuysen Allox; LLC 14
d = ¥ 1 . . 9 =
u laigos 11sAuluierauazwunaiuisnan Allergenic Protein 1AgIda 95 % (310013
Y Aax 2o a o LA '
NATOUAIBIT ELISAs 11ag RASTs Test) [10] Honv1nileaaiiiou luil Papain Nausodesaate
. a 1 1 4 1
TisAula Fawdnvinuzazne (Carica Papaya) Taenugaiioersildoulumithnlu desaats
Y v Y
TlsAutlansoaatSunaldsauimaoeglugaiiosslaiosnii 50 4 gdm’ [14] uenanilds
[ 9 Edl 9 Y 9 KX A A a A I 1 =
nu1ms Mo lsisiunumsaaleasaaussasiiidseaniammduesiauinlunsasou
4 H s
MPNFITUFIANUANVUITGNT Y [16]
d 1 1 = %’ a o
m3laeu lasivregesaarsTusauluiieessssunarilaenis 19 Alkaline Proteases
Aan [ %I a a ~ {1 a
0.025% vlgasenuieasssusasianey e NMIUNTIMIeIny Y (Centrifugated

a =

A @ £ L4
Ammoniated Natural Rubber Latex) NYUYHYY 13-32 DIAUFALFIT UIU 1-2 U :l]’lﬂuulﬁ]u"lclfﬂ

U

Y { an [ o ]
uaz1e199 14911 {A5011 1 (Enzyme-Treated Natural Rubber Latex ; ET-NRL) 9zgnti1la/u
I o Y A A A A @ . =
ua9 M lvazmonazmisanyumensn IsAUNTNA (Extracted Protein) 000N nisnfsum
= d' A 1 A [ a g’/ o = ) d'd 1
Tsaunmaseglugeliosnsmenainszuiumananiuziih llsaunanaaleaisazaleninm
I ' @ an
anuilunsa-a1s (pH) 7.4 w2 ¥l Tasldmsnaden 3 35 Avu1ATFIH ASTM D5712
; 20 ; y -
Lowry tiev1U5ua lUsaunanua ELISA 1ion1 Allergenicprotein 11181955 TUHIA LA
. N . . .
RAST Inhibition 11011815 Allergens Miiluifyrivosdildnunan lauaasluaisiei 1 10]
2.43 M3 1FA5aAUITIAIAY (Surfactant Treatment) a1TAALTIAIAI¥HA Non-Tonic
Y ' & 2 A Aa YA .
Surfactant #1U1T00AT1T Allergens 18u1nn31 95 % FearsaausederINien Ao TritonTM X-
100 oz TamRen Tadgadama (Sodium Dodecyl Sulfate; SDS) M5 1% TritonT™M X-100 A21g 1
9
AT 4-5 TunoU (Alginate Creamingphase Separation - Redilution) 9aA®15 Allergens &1

= g Afg v & 9 2 a oq ¥
WINDN 98-99% [17] Tuvduneulunisanars Allergens ¥ 1HHuMIsIFa15annssaedIvin g

I ] 2 . 1 9 =
Usuens Allergens anaaluog1anIn (M4 TritonTM X-100 Liag SDS) LL@]ﬂTii%’ﬁTiﬂﬂL!iﬂﬁ\i
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A o

a 39 A Y a a o o 1 . .
Antide@eae lseansamlumstam Tuwduanas Tasgaina Crosslink Density
Y a aa zgzl.l

244 M31¥ Fumed Silica na'lamsaaTllsanuluiine1asssumavessanmiy 19
d‘ 3 1 = £y g d‘ a =
1HaInMITINAIvesasseneuserne TUsauuas Tviuluwihens owmuuen Tudisas 1y
A o Yy 9 ¥ Y o Y A g o S 9 a
mesnyinNnudutuveaierandnei lddundulviulelas ladedess q uazinansa

o . dy o Y o = ¥ Y 1
lugiu (Fatty Acids) Uu v ldamnsogaduldsaueennineymavesiters ldumznaniiiens
[y 4 o 2 a % 0’ . : a ! =2
numsatiio lUugdnaasmal (Compounding)¥aunamsunuiveslusauTaesaneaasld
1 Aaa o {3 . ) ' A I
Tugdf 3 Fanwgsimiidu Thickening Agent wazyIoinaNuLdalumsanuia (Tear
Strength) ANWADYT (Stability) V09819 1asTunar Fumed Silica Nilenldioan Extracted
Y Y
Protein 80N9111181911A2 @15 Allergens A0 1-5 % 1ag 1 % laslimiin awaiay [18] Lazain
NINATDUAINUIATTIU ASTM D 5712 1ag LEAP test; Guthrie Research Institute; Sayre; PA
WU USH8 Extracted Protein 4az@13 Allergens NA11108A71 28 ppm HaLieendl 0.2 ppm
F Y
AUAIRY UONDINUGIAINITOAIVANNIG IHAVD19  (Rheology)  TIUNII3281/5U1 59
AUAVLADY 9 1TU ANUNUNIUABLTIAL (Tensile) HATANUNUNIUADNITANHTO (Abrasion
. A = = = =2 o Y 1 oad A a

Resistance) ¥038719 1149991091 N1AVOY Fumed Silica IAuazdoadsn liunuildueanmge

VuTanyae 11/530a9 (Translucent) [19]

Aad d‘d ] = : =)
2.5 IsmsniwanelSinalusauluiienasssuwa [10]
2 y Y, ) N
2.5.1 MINIBINYUUDIUIGWNTIINYIA (Centrifugation of NRL)
=S %} =) 1 d'
Tlsauilszuna 75% Tuhenasssumna szazarved 1131909 Serum Fraction vaizh
] H a a %’ d' %7/ o %7’ =
B0 25 % zsawAInuegNUTNARIMINYIEYNIAIE1 NIz el
9 é! A 2 % % =Y = &
ANVTHNINTHHe T Ia luihevanas  USuiansanileueaalsazaly  Extracted
o w %’ a { ~ <3 1 =
Protein 92NM19A0ONINU18195ITNIIA IAen151MIeyu 910317 2.4 vzmiu 18 mamaea
=1 %‘ a Y= d' o d‘ ?a'.: =\ o Y
vyuansoaalusauluwienduldog 50 % wag feimanesiyu 2 assaziinaild

PFnaTsaugniidneonliuinda 63 %

s 23 nalamsunuivesTils@ulaed@n [18]
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Rubber Patticles

;} ~, Bottom Fraction

Fresh Latex Cenrtnfuged Latex
Rubber 35% Rubber 59 %
Proteins 20% | |Proteins 1.0 %
Carbohydrates 1.5% Carbohydrates 02 %
Lipids 13% | |Lipids 20 %

5Uf 2.4 S Tstunas zasou 9 linhosaunouas wammmawuu [10]

o v 3 a g dy A . I ax A o Y
2.5.2 MsmInue195ssumnAatuiionsy (Creaming of NRL) 1Wulsmsnvilu
90' o cg ] 9 a 3’1 ?,’ AN o I dy =
PUNIAYDIHI 1UUBNADIAIZIVUDING ] tNAFUVDINNNNaN YT UoATY (Creamed
Latex) U3 laon1si@ana15NiGendl Creaming Agents 15U Alginate Hagiuiairag lad
a 14 4 A [ Y 901 A, e a a 1
wodwes amiuaNurudulumsassalvesiens  I5msildsz@nsiamuinnii
A ) 1dq 9 ' o = vy v & ' A
Centrifugation 180 1%1381171UN 1 1A 211 Creamed Latex 92 TR NTUAULA 68% 11D991N
9 9
FUYDI Serum Phase §ni1vAeon 11NN Centrifugation woNINTUGIAWNTAMTA T1)5A1 1
3 A I Y "9
ihenehtvunaanesn i ldmaniale
A o @ I A 1
2.5.3 visTam lussu (Prevulcanization of NRL) 11135157 1nane Extracted Protein
3 a s Ay @ @ A v o 3 Y
VouYNEITNIA AeN1IHENETS Stabilizers todoanunssiuaIvsetuatlunouyes
1 a % I ) ]
PUNIAYNTEUINNTZUIUNTHAALAZ Vulcanizing Chemicals Failuasiatidmsuneauluena

a

A o Y Aa A 1 a I 9 [ a aa 9
e ldinamayen Teeszrinalumanavessrunaily Taseadsninea g guuginly
Y

ANLA 70 DALY @19 Stabilizers (e Crosslink Agents %Y Dialkyldithiocarbamate

o 4 o a3 1 4 1
Accelerators; Zinc Oxide uazdamosinnusiuiudealdsluvasldanudounnsraiosieli

Y
ad A

a A ' Y = A Vo ] A <

punamsron Toaszninaluana JoRveddtiuae Woukuilayven1auiavzinundans
a A 1A 19 a2 A 3 YIS a I Py
uazuauAnNNEagUR uadeidene AUl weHuansRauvaz T uvailon (Wet
a9 1 " ad A A [N A o Y . .

Gel Strength) uﬂmﬂﬂﬂ’nuwm!aummuﬂ"lumumswsaam"lmwyu (Nonprevulcanlzatlon)

o {1 o v = J J o
Tagna lgadeenafisiumswidaa lusduvz S uas Extracted Protein ganan Twanianlu

@ . . = < 3 A A o v A 3
%Y (Postvulcanization) ‘ﬂN'f]"l’l]L']JHLW3131!TEﬂQT/IWTL!ﬂ"liWi'@]aﬂ"lllulcﬁslfullﬂ%ﬂ?ﬂ!u”lllﬁgﬂfﬂll
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s 1

1 Ay ) o Y . = Y 1a 9 [ BP--4 9
Wgum@mquammmmmm mlw Extracted Protein “]511!"]]1ﬁN’J1’TUTﬂJE]QLLNu‘V‘IﬂiJfJNllﬂ"Umg

u

A a < o . ]
puur geldguugiilumseuuiaganaziihliSune Extracted Protein gaiiuaae

(Y] d’d Y = d' o b % 4
2.6 YodendinaneSunaldsauimlvinaeimsun [15]
2.6.1 pH tagdsmsdiy mssnwa pH Idasiiudianudryuinaenszuiums
a ’é 3 =}
Han11e1e M3USY pH (pH Adjustment) 1% Inunaideonlaasenled (KOH) uazm3o
Twunaidgey laasen ladnuuonTuileylaasenlod (KOH-NH4-0H) vi5e Twdenlaason loa
= o aan o . = A Ad A Aq ¥ ~
%3921 A38101 Functional Group ¥ed Tilsausiianiunsansemea pH nlslunounsniia
9 1 gj./ 9 d‘ da! = 1 =\ a d‘ [ 1 9 [
"oona1 10 nnuuezld pH ANgeuuds 1aeuszima@uaisas lilielsuar pH laun
Ta@enleasonled NaOH) uazuenluwiionlaasonloanuinmsmuasdananeeily
] Y '
338l Allergenic Protein WNAUN 13123.7 g/ml HU 60,000 u g/ml zidinuldnnsh
. = R 1 S ) ] Ao ¢
3318 Allergenic Protein AWMIULITY 11910015 19 pH gaazms 1oz girivlaason lad (Al
(OH) 3) 92%78aA Allergenic Protein a4 laX1AnINM3 IFasdou

=)

2.6.2 Soluble Inorganic 8¢ Organic Compounds mM3ldarsisznoveiiunid

@

1 o A o 4 a d A 4
(Inorganic Compounds) laun uuntifeunas lsa ezgiininlaasen lvdezgiiuaaelsd Fanes

@

A o a J al\\a J
luse ezgiindana tazded lololaa wiisz@ninmlunisan Allergenic Protein 1dana1
a 4 1 o a a J a J a
@131/52noUBUNTE (Organic Compounds) laun aviiloiosdina Feanglaua Fenozdian
A s = o a
L!,azmaaicﬁmﬂmmﬂim‘uumumﬂwuﬂ
1A 4
2.6.3 Metallic Additives 118 Absorbents #15 Metallic Additives latn Farosuay
Ao : . ¥ X & a [ Y .
9EQNUNAINITNAA  Allergenic  Protein laasantlsvesdSaiavua  nsldy Inorganic
! s = oA ' '
Absorbents laun Innuiionlason lod Fumed Silica tazdTo laananuwuduais 9 nua In
= 7 o o Y » = o I~
ey laeon lydias Fumed Silicavia14 Allergenic Protein 91919 (910 116 LLG/MI 11l 384
= = Aa A Y . 501 a .
UMl wazdlolaaiilsz@nsaimlunmsan  Allergenic Protein 1111181955 51%1AOrganic
Absorbents 1A1A  Merrifield’s Peptide Resin; Acrylamide; Polyacrylamide; Vinylamine -
Y
Vinylformamide ila¢ Polyethylenimine mi@@mummunﬂammmwiumam Allergenic
. Y 1 o w v ) [ Y A ' =
Protein Ul@'é]EI'N%'lﬂﬂl!ﬁgullll‘ﬁlﬂ$ﬂ'lﬂiﬂcl‘lﬂwEJ\‘]’E]EJ'NL@EI’J
. .. ¥ a o A . . Y Y
2.6.4 Mixed Additives M3 1Fa15na8¥iATINAUNDAA Allergenic Protein 1 1dpen4
= a A A ? o Y 0o 3 o aaa [ a o o
uﬂimwﬁmwmzmuu ﬁ']ll']iﬂ‘ﬂ']ul,@I@Elﬂ'liu'llﬂfl'l\‘]ll'W]']‘IJg(]ﬂiﬁl'lﬂﬂ’ﬁ')gallullhlaﬂif]ﬂllclf@l,mg

U

° 4 a [ 1 . . .
ummzmsﬂumiazmﬂimaﬂnhlamaﬂ”lcm HAZONTTQATY (1% Fumed Silica (lag Lignin
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Y 1
Curan 2711P)53ua201Y wahnlaezsin1i15una Allergenic Protein anaslndlAsanunisly
a o o 1 =1 1 = d' o Y a o d A
pzgiiinleason ladluanzauiissediuner Taonalnfvildezgiiiuleason ladiies
] = = . . s}gl/ I 9 .
p819RITINTDaAlT U Allergenic Protein Iaviu orthumse Tnssadrauuy Jelly Like-
. . = ! v = Y o Y
Structure ¥84 Aluminum Hydroxide Nanaznouluasazarsaisligasullsauenls il
Yy 9 . da! v o @ = v o ]
ANUAVIUVDI Aluminum Ton gevutazIuaIny Tlsautazsmaniuassznounumny
] 4 ' < 1
Carboxylic Group (vijved1Usau) wazauninazariongluan1izanuilua (Alkalinity)
it a2 o = Ao . o n v
g9 wenanil TsAudsaunsa lunui OH-Group Tua1sdsznouni Aluminum Ton JU0Y 16

v
v v W

1 A 9 gJ/ = aan A A a o o 3’; a 9
UTQﬁ’JuﬁiﬂulﬂﬂﬁﬁiJﬂ mﬂgmmmmiﬂmumu g uazauuu"lamaﬂ"l%ﬂuu ﬁ’”lll”l'imﬂﬂllﬂ

U

4 10U (@UMIN 1-4) aaao il

H,N'CHRCOO + (OH)AIOH),  ___, HNCHRCOOAIOH), +H,0 @.1)
(Antigenic Protein)

H,N'CHRCOO + (OH)AIOH),  ____, H,NCHRCOOAI(OH), + H,0 + OH 2.2)
(Antigenic Protein)

2H,N'CHRCOO + (OH)AI(OH), ____, (H,NCHRCOO),AI(OH), + H,O+OH  (2.3)
(Antigenic Protein)

3H,N'CHRCOO + (OH)AI(OH), ____, (H,NCHRCOO),AIOH), +3H,0+OH (2.4)

(Antigenic Protein)

2.7 maesenienasssum Al saudazuiuildueas s snnallsium

2.7.1 Mo 95550A 1l5AUEN

sheneduaiiauenTuifled 60% DRC (Dry Rubber Content) 92gniiniionadas
Sodium Lauryl Sulphate 1 % 31418 30 % DRC il dionlan] KAO Protease 1% 133101 0.04

a

1 < ¥ 2 4
phr (Part Per Hundred Rubber) 182021081991 9 #28A711157 30-50 501/117 aana 13nguivigil
o o 3 . . g 4 3 1
40 per AT WU 24 7 T19 12111191901 Centrifugation 2 A5 1AINIF2 10;000 50UAD
= a = a ¥ 9 o . . N o <3| =
W17 qungil 25 eermuEAIFed WU 30 W1T 111019 UHAI9IN Centrifugation vz lanbaziluaTy
9 H 9
(dudu 70%) azgnihwndensaulaanududy 30% 130 60% uaninierah Idiumndn

Aaaufa laona llmuinasgiu AST™M 1076-97 de'l1 [4]
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~ 1 a d a = o
2.7.2 MIAT NN UTaNe195TTNIA 1Y TR UM [20]

[

1T ad a = o = ax ' dy
pruWdaue1IsIINNa Tsauduason TaeI5n13gu Aall

4

1) duvuunwignlthldazoraudrouliuienguugil 60 °C

U

a

o a g = 4 o A
2) ‘Ll“l,llll‘WllWi]llfl\ielufﬁiagaTﬂLLﬂamﬂﬂﬁJﬂaE]FBQ 10% UWIITJ@UTIQfMWﬂjJ 60

Q U

°C PULTTINNNA )

ds! 9 o <3 o

1 a o 4 a [
3) QuUDUANT luenneunuAd 9 3 Ui Aoe A ANIUAIEEAT IS AT IAND
) A a I =}
4) i lleunguvgil 90 °C 1ilunan 30 w1
a 4 d‘ o (=Y
5) upgeannuuVRLet I naaevauiia
o g a = B " A d a = ;
2.7.3 AuaNtaveaiessINna llsauduazunulaneasssura lsaud
Y v
1) paauiaveIesIsusa 1saum
a & ] & H Yy A P
USUaioe1u i wag Yo I NINNAvUeIH 819U s HALe N TuHea1 (NR-LA)
Y o 1 1 [ [ [ 1o
1Az 1819555 8A 11U AU (DPNR) 22 HAAnNA1anHiaenI1 2 % A1 pH Y84 DPNR HA16
' = 3 9 4 = ' ' A . .
771 NR-LA tigaaniies iosnnuey TuHeunaaiussvoann 1 1uy9ninsg Centrifugation
AIUAINNUHIIALAZANUAIAIVOI DPNR 1A181031 NR-LA 1199910 DPNR Imsauaisan
=K A d' [ = %I 2’, =
15909A7 (SDS) adliliesawianuadesvesiinersludunouveInITEsen DPNR Tagay
~ =) = 1 1 g %
19083139003 DPNR UA1gan91 NR-LA 1szanas 3 111 91nmsasavaeuiviin luana
a @ A [ o <3
(Molecular Weight) 1a835n157aA UM HAY0d NR-LA tag DPNR LA1uana19nuianiios
(@37197 2) 1iieenn TlsAunavegasulatelnsead e luanavesessssumnaundiu ldgndes
uazanaeenlUvae Centrifugation Minsavaevyiumalulasaulaeds Kjeldahl wua1 NR-
a1 (Y] ~ = 1 v Y S A = Y o
LA TAUMAY 046 % luvaizh DPNR Fasmumsuuarawey lyieaatsTisauudiun
Y Y
Centrifugation 1 A591 U TS luTasuanas 65 % (11a® 0.16 %) 910 NR-LA LagHad1n

M3 Centrifugation 2 A59 Yswa IuTasvuazanas 89% (11 0.05 %) (319 2.5)

31



= a an 3 a a o
19190 2.2 L'l]dﬁEJ‘UL“I/IEJ‘Uf;lﬂ!ﬁ'ﬂJ°]J$5|GUEJ\‘llﬂfﬂ\i‘ﬁﬁﬁﬁlﬂﬁiﬂﬁﬂuﬁnlla3

3 Y a Ao
uwNGllwb’uﬂLL’emImuﬂm

Properties NR-LA DPNR
DRC (%) 60.38 60.41
TSC (%) 61.59 61.36
pH 10.03 9.23
Viscosity (cps) 94.0 72.0
Surface tension (dyne/cm) 44.0 34.5
MST (sec) 720 2:426
Average particle size (& m) 0.827 0.818
Molecular weight (g/mol) 6.92x 10° 6.71x 10’

(=Y " ad d' = a = ::
2) ﬂﬂ!ﬁNUWVINﬂWﬂWWf’U’ENLLN“L!‘V\I’MJ‘VIM?fJJJ‘DWﬂfJN‘ﬁﬁﬂJ“]ﬂ@IiJi@]uGH

AUANTANOYAT ANUNUNIUABLIIAIIUIIA AWNUNIUABNITIATUYIA

@ a A = 1" o A A A
L!ﬁ$leI‘]Jigﬁ‘V]‘ﬁﬂ'J'liJLﬁfJ@ﬂWuﬂl@%muT‘Iﬁ?JfJ'N‘V]W]iEJlIi]'lﬂ DPNR (g NR-LA (139N 3 )

J @ @ 1 1o o { A
WU 300 % WoRAH; 500 % WA Llﬁ3?]'3']1]1/]u‘1/]']14(5]’5]&!,5Qﬁ\?ﬂum’]ﬂﬂl@ﬁllﬁuﬂﬁuﬂ?ﬁﬁl@iﬂﬂ

Ao U YA o ] VoA a < o
910 DPNR 3f169111731 NR-LA MNNBULUASUAINTTVNLIINYUNHY 100 °C !ﬂul’{]a’] 22 6]5'31“\1

A ~ o w = ' Y 4 a @ A J
o391 DPNR 3Jﬂ’l§ﬂ’]fﬂ@1ﬂiﬁuu'l\iﬁﬁuﬂﬂﬂ@'gfliﬂuhl“]fll ﬂ’]ﬁlﬂﬂwu‘ﬁgl{’ﬂ@ﬂ\liﬂﬁigﬁj'm

Y~ o 9 a o 2 @
Tmaqamm DPNR %gﬁﬂTLl'éJEJEN V]WGlWﬁIJUGIWNﬂ1EJﬂ1W"UEN DPNR aa2dMmuUaiagINUAIY

1 1" oo { A 1 ' 3‘.: '
ﬂu%WH@@ﬂﬁﬁ@%uﬂﬂﬂﬂlENLLN‘L!‘V\IalI‘(’JN‘ﬁLGﬁEJlIiﬂﬂ DPNR i]gllﬂﬁjxiﬂ’ﬂ NR-LA MinauLay

[ ' ' o [ o a A 1 aJd i ~ Ao '
UAINITUVUEIN ’ﬁTViTUﬁiJ“lJi$ﬁ‘1/l‘ﬁﬂ’NlIL?TEJ@“I/]TWU?NLLWUV\I@NEJNﬁLG]iEJiJiﬂﬂ DPNR 419110721

A = = Y o Y a A
NR-LA tH9391n Tlsauuuenymagaldsmaiiosas lnanuansalumsinizaaiives

A

YNAVITADUANA

L)
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A = NR-LA

B = DPNR : centrifuge 1 time
C = DPNR : centrifuge 2 times

A B C Latex

1 v v v '
s 25 S lulasnulinhensssumnallsauduazihonsdusiianon Tudios [4]

d' = A " o d d' = %’ a = 3 g
13190 2.3 L’Lr%fJ‘]JL“I/IEJ‘UF;Iﬂ!ﬁMU@]ﬂlﬂQLLNHV\'ﬁMﬂNﬂMiﬂN%1ﬂ‘LHEJN‘ﬁSiiJGD'W]TﬂW]uG]"ILLﬁ&"Lﬂ

9 a Ao
fJ"I\‘]‘lJU%HﬂLL@‘JJIiJLUfJﬂW

Properties NR-LA DPNR

Before age After age* Before age After age*
300%Modulus (MPa) 1.7230.24 2512017 1.0330.28 1.3910.19
500%Modulus (MPa) 2.75%0.30 6551020  1.4610.32 2.1630.12
Tensile strength (MPa) 29381140  21.47%137  23.20%1.07 17.461£1.50
Elongation at break (%) 811%32 612125 992137 762%15
Friction coefficient 1.21 iy 0.82 1.7230.24

A J [

dl ' a = A o Q‘!
NN 2 IENIUY NDYRNAIIY HAZ NIANA AN (2547) [4]

NUBING * at 100°C for 22 hrs. **No results

2.8 ﬁnmw%%’aam"lwﬁ (Prevulcanized Latex) [7]

%’ ~ o J == %l A a o A 1 '
1!181\11"15')@?]111!“11 LR \MIOAN LHEI'NVILﬂﬂWu‘ﬁ3&%@11%131@53??31\1@7181%11]!@flﬁ

Y A

%’ a @ J .. @
(Crosslink) vo911e13 TagmsianansTan lud (Vulcanizing Agent) Wi l¥ainszquou 5 U

q

A Yo [ 4 9 Y K aan [ 4
lllf]ulﬂiﬂﬂ'ﬁjaﬂ']llucﬁﬁ']llﬁ@qﬂqﬁllajﬂ\jﬂq@ﬂaﬂiﬂ']ﬂ']ijaﬂ']llucﬁ
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H A o d A ~ v 3 I H ~
Wi Tam lugwseenisoninhennsgl Wuihensi Tuanamelueyniaves
A v Y @ = ?, A o Yy 9 9 a8 A 19 Y
o1uson Teanuariuszmani aain WerhIdudee: Idurduildunaegi Tasludesedoan
9 A A o ’3 = 4 . . 9 = . . .
Fou 9351 e1ans Taa ludves Schidrowit 1¥a151A% Sodium Polysulphidesulphur L& Zinc
. 1 ] Y Ao a I = Qd-dyw
Oxide Heruaaluiies uazs lovhiliguvgdl 145 °C ifuanu 30-45 w1 woNINIBTHE
= o % = L= as o [ 4 ’.f = 4 ) Y] 9
HmMsvnienanstam lugon 2 33 dmsuilse Temnivesierawsdam lud muzdvsuns 14
a a [ Jd zﬂ' o Y a A 1 = 9ol =
TuTssnunaanaanuaiens iweii )14 lumsnaagaiiesns gnlilsasall aa4 ihewsdan
o 4 [l 3 [ wAa @ 901 [ o
Tugldsz Toa lavarendsiuegnunuantiavesiy ierani faa ludld ldazainlu
A o v Y A o P ™ Aq v ° 9 Ay
HARAUAUUDY e Tan ludminziu Tsesnuildhesdnudesazasaiivdes 9
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5) i llrwermeanlsaminaisueu lasen leailszina 3 Wi miuneail
= Y o ~ s A ~ A
ueau 1vea ud1hns Inmsamsazarenuizenlaasen lodauasazarenasuaain lull
I [
dliludyunoou

2) gATMIAIUINAT VFA No.

67.32x N xV W (100—DRC)
— T x50+
W xTSC 100D

(3.3)

A A Yy 9 ' a Iaq Y x>
e N 1) mmmmummmmmwﬂamaﬂ"l,cmwclﬂumi"lmmﬁ, HDIUA
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A

v fe 5masvesvesanauuiFenlaasen ladn19lums lnmse, Jaaans
Y

o ¥ ~q ¥ o
W o u’l‘ﬂuﬂﬂl'ﬂﬂu’lﬂ’lﬂ‘ﬂiﬂf, NIy

Y

o ¥ <
TSC fo USmavewdaluiines, nesidud
- H <
DRC fo 15maveaiiosnauialinies, wlesidud
A ] 1 %‘ a Y T W
D fo ANNHUMUUYRIEINIIEN (UndlruANmNY 1.02)
3.5.6 MimYsualulnsaulagdd Kjeldahl (ASTM D 3533-90, 1994) [35]
O W ' A Y @ ) 1
1) Hadegraenaigeansmsuna lulaseu windszum 0.1 nfu laviasanaaes

a

{ a v a <3 1< o aa ) 1
ﬁllﬁ}\‘]ﬁ$@1ﬂ mummﬁumwwumuﬂaﬂﬂ 1 1a Gnllﬁ}?ﬂ H,SO, 911U 3.5 yaaans Uiuyey

9 1 a

4 ' Aa A 1 I A
TunSesdos Tasliguunglinudau 250 °C des1uilunaidszana 15w udnooiugungll
I ] 1 g’/ < a 9o’ < A Aaa 1
3y 380 °C doganlauldmsazaredla adlmduudyaniiinauy 20 vaaans aslunasados
UdAANAITAZ A 40% NaOH 911U 20 Haaang

= =) =) a =) 1 90’ Q‘/ =) an 1
2) 19y 4% niaveanlinm 5 daawas lainau 5 Hadaasas U luviagisun
a A 4 o { [ y < ) I
udmeaduanwosadlyl 4 wea udrwmhasnesen 13 llsessulon Idannisnau nawilu
a1 5 i ' ldmsazareniaih
3) ihansazaeinaula i lawmsanuaisazate 0.005 M H,80, TaeldTus Tuasyea
~ Aa I a Aa 4
ATuTase WuduAANDI

o g 19y 1 @ 1
4) Mmnsnaass lag liudoalaenadiedgna (Blank)

5) MIAUIN
% lulasiau = (V,-V,) x M x 0.014 x 100/w (3.4)

Tas v, fo f5asaisazaleninggiv H,S0, N4 laasn Blank (Tadans)
v, Ao dSmasasazarenasgiu 1,80, 114 laminasinanls (addas)
A 9y 9 14
M A0 ANUTNIUYBIATazaIeNInI§Iu H,S0, (Tuais)

Y ] U
W ﬁi’) UM UNAIBYNYN (NTN)

3.5.7 msvinfsua 1Usau1aeds Lowry (ISO/WD 12243, 1994) [36]
=3 Qddy 1% A A H ] g; = =
ﬂ"li‘Vi”II‘]Ji@]‘L!ﬁlﬁlEJ’JTJ‘L!L‘]dJLlﬂ”li’dﬂﬂIﬂiﬁu‘ﬂﬁgﬁﬁWEJ‘L!"Illﬁjm"luuﬁ)ﬂﬂMﬂ?imiﬂuﬂiﬁd

v

asgrietm 1FlumsmuaSna Tlsdu Al
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[

Y
1) masseunivnasgie Taemsulsanudiuduves Tlsavanasgiu dil

(1) 161383 Stock solution ANUBUTY 0.001 ASU/HaaanT 1A% Standard protein

Y = an
(Bovine serum albumin, BSA) 0.01 N4 aZa19U1 10 Uaaans ﬁqmw

a

i1 37¢ flunan 2 2 Tug

9 9

9
(2) W llsAumasgiu (BSA) THanuudua

19 9 A9il Av 10, 20, 40, 80

uaz 160 Tulasnsu/iiaaans

9 9 ' a

(3) Masndanudutuae q lude 1.2 11 0.8 Tadanslaluvasauasiag

[ = Y a

LAUAN Reagent C 91UIU 0.3 Hadans WaAUAY 9.5-10.5 W19 uAUAYN Reagent D Wanyiuf 19

b4 v
v A

1R30aUN39 30 TuR tite 1 nauiud uddana13 30 wi

nULe - Reagent C A9 81392018 6% W/v Anhydrous Sodium Carbonate 1
Haaans naunuasazay 1.5% Copper Sulfate Pentahydrate

- Reagent D A9 Folin - Ciocalteu Reagent ANMTUTU 72% wiv

() shasiisiton1ade 13 ldmaving 1 sudns i’ﬂmi@@ﬂﬁuumﬁmmm
ﬂéu 750 U1 11IUAS ﬁjﬁmﬂ%m UV-visible spectrophotometer

(5) 958w Blank Tag'hilaensazaneTisaudreIsmsaude 1.3-1.4

(6) ﬁmn%ugﬂufﬁmlmmgm%hlﬁjgﬂummhﬁ'umq LAZHIANYY (slope)

2) Myanalalsau
(1) ANAI9E19NDEN 2 T WA Tx7 MIBUAAT udaTaThmTn
) laereaalu Flask udlanh 30 Tadwas udasaiminuiuey

a

3) 'lAuTu water bath Higaunigil 30-40 °C Hlunan 3 %’ﬂmiﬂmmdmﬂ 9 30

)

v
UIN ATIAE 1 UIN
o 1 an JY <) = 1 A d
4) uWﬁ’msuawmmmumﬂnmamm 500 g !ﬂut'ﬁﬁ’l 10 4N LLEJﬂﬁ'Ju‘VI!‘lJL!
AgnNoUDDIN

(5) HadNuenuIFua 6 Naaans (MSomuANUMIIZaN) AN 35% TCA 1

a A

Aa aa a [ ?:}/ 2 PR A A Y- =
yaaaag Lag 40% PTA 1 yaaans Wﬁuﬂummhhl,ﬂunm 20 N LW@iﬂIﬂi@u@ﬂ@zﬂ'ﬂu

JY <3

an I 4
(6) WUATNIVAWANNTI 2000 g 1Tua1 40 119 el TsAuanAzneUA
[ [l :’ I [
(7) mauveuradiunszansedlasaiivaoa 1fifumar s wii (523

' Y
aznoulisAungaoen lUnuveuvariitmang

(8) 1ANE1Taza1w 02 M NaOH USume 0.8 Hadaasaslunaoauasiidie

9 o

a =Y A aa I a
aza191U5AY 1A1 Reagent C USwan 03 Tadans wanulindwiumar 10 w# ududw
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@ 1Y) 4 1 & a 4 3’/
Reagent D a4l wawldidnuiuii Tagldnseauniailunat 30 3ui udrvgamses asld 30
=
U
o A Y 1 a [ A ~ A
©) hmsazaen 1d ldiraviia 1isuamuas 3an1sgananiiniue1Inau 750
W THINT MEIATee UV-Visible spectrophotometer
o 1 A (% 1 d‘ [ Y [
(10) AINTRANAULAIVEIINAI081NIR Idieuiuns uIasgIv @150
o 1 I o o 901 o
aumsmnallsawilu lulasnsu/mnsy veuhwingsiliosns
3) MIAUIN
' Y 9 = A o [l & Y o [ A
Arnnududuvesldsaulugeiiesiediesis selataainisganauuag

(Absorbance) mmmﬁwmm”lﬁ’mﬂqmﬁ’qﬁ (ISO/WD 12243, 1994)
C = (CxMw)/(M_ x 6) (3.5)

v Y
Tagft € fAo anudnduvesTusau (u g/g voeimiinga)

4
o Y a Aaa 9
c AemtinasazatoTisAu 6 Hadans (u g mlaan

c X (1/slope) x Absorbance (3.6)

Y dd‘

Y
. ? UM UNVDIPINONNATDY (NTN)
A3 3 A
M. AU

2
=)
<
=)

o A

wiinvenitnldanallsau (asy)

a d a d Jd A
3.6 M3ANzHlasa I amaninamaiayiseinurlesudunsusaalnlnsa

Ind (Fourier Transforms Infrared Spectroscopy; FTIR) [37]
FT-IR (Humatianldlumsiinsizinilassadwvesarsdsenoudunid Tagld

A v aa

(3 A o aa 1 A -1 A
nanmsganauiadoudlsusa wessadunsusa (luranue1IAaU 4000-400 cm™) gNAANAY
[ g’/ I I @ ~ o Y o a < = o
wasnuuaz gl undsnunmviuse luTuanavesasinanmsvyuuazdu Han1sau
HUVIA-NAWUTE (Stretching) HALNITNN-HUYUWUTE (Bending) VouaazWuszazsiliing
3 A A ) . A g o 7 A A A
WUNNNMIAANAUNGINY (Absorption Peak) M uoNdnNHAIVBIANNEIAAUNITOANAVATY

- ' v ¥ ' a { ] I v { 1 [
(Wave Number, em’) @19 9 aquiuTuranavesasuaazsiannyleansuiuanaieny azld
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o A g @ 4 @ S &g d ' a J
anlapsundwendnyalvewiusy luTuanany q Futluilss Teytedauinaen1sng e

Taseadwvesasdsznou

an o ' A A Y (R~ Yy A v Ae £
IPNITNATDUY Iﬂﬂunlﬂu&lNVILﬁiﬂﬂJ]l’JﬂJW]ﬂlﬂl!’.]ﬂﬂﬁlliﬂllﬂ]ﬂ1ﬂ1/‘l’ﬂﬂ UNYAYU

' v 9 ! v Y

NATOU NIUAUIIATINANUBINIFUNATOU InUuITUdngie ldFunagouds 1hdu

' v '
naaey lU1eessd I FuUNAdo VB UAT 04

A A ard
3.7 ManaaauanDAmInaveslanena
3.7.1 MINAAOUANNNUNIUABITIAG (Tensile Strength) A1 ASTMD 412
o " oA d A o 9}& =\ Aa A % Qy
uruilauneiwson ldgalinnununlssu 0.05-0.15 Hadwas Aasunaaol
] o ¢ Y o v A a ¢ s
Tagldaregauuad ae ¢ ihrunageunIanNuruIalIemI ot lulasinesuazunsa
v 9 Y
SEOLHINATINAINUT IUADADAVDIFUNATOURIO1ID5 1Y 5202 2.5 1HUAAT 21NUUITY
' = < A a A o
NATOUNINATDUAIYIATOI Tensometer AIFUNATOVAIGANITI 500 Hadwas/ AU Taa
ANUNUNMUABLTIAY T20280 2 AR TugaaNszezda 100%, 300% 1Az 500%

1) Tensile strength
. F
Tensile strength = % (3.7)

A A A
e F A9 UIINIAYNIUVIA (N)

A ) X 4 9 o = Ay 1w
A 19 AIUNINX AINUH U (Wuwwummawumﬁ@u“lmjmw”lullﬂﬂﬂ) (mm)

2) Elongation at break

Elongation at Break :[L[OLO}&OO (3.8)

A A ' 1 Y A A A
e L A9 ITYTUNIZHITUTUNVAVUHINNIUDYAIUUIA

A ' ' Y A a
L0 A ISYTHWNITHINUTUNUAVUYNIAN
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3) Tensile stress %39 modulus 0 300%
. F
Tensile stress = " (3.9)

g F fAe usanoalaszes 200%

A ) A A 9 o 2 Ay oy wa
A D AITUNIN X AU U (Wuﬂ‘ﬂu"mﬂsll@\‘]‘]fu‘ﬂﬂﬁaﬂblusllmgﬂllllllﬂﬂﬂ)
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A
UNN 4
A d
NANIINANADIULIASIUAIIEUNADNTIINNAD]
ae 24 = wa ~ H A a6 3 A o
NUIsHRlUMIANMIANTALAEMTIATINLE19TITUSIA 1U5AUT 1e1aTsAue
= 4 dy A ] A Y = a = A A
widtaa luguazmsiugigeiie Tasriunsindeudlea lasuezasian agdnuiauiiazanag
" A |o 1% g
wouuruauaiioeslilsAud asinanisnaanld Asil

¥ v

4.1 aNTAVDIIL9EIINYIA 118195558 1A 1Y IAUA Az 195N IR ) Usau
I

(Y] d
M Yan luas

4
4.1.1 MINAFADUFNUANINIYNTINUBDIUIYN

$ A < & = 4 Y a
M3190 4.1 TV TINIKNA (%TSC) USuantiosnausis (%DRC) 5ua luTlasmu
=Y = ~ % 9 ) v A 9 %’ a
YSualdsaunazarein1é nagsmunsa lviunszme 1dveatine1asssuna

y <O\
HAZUIENTITUHIA 11 TAUM

Sample TSC (%) DRC (%) Nitrogen Water soluble VFA
content (Wt%) protein (L{g/g) number

HANR 60.87 60.05 0.45 4,215 0.028

DPNR 60.75 59.83 0.06 1.52 0.014

o
o = =

901 9 a = ?:I a = 9 ] Y
g uriauey ndegaaziie1esssuana llsaumzuason laannmsiuaiey
= = A @ = ~ A Y & °
138 0.1 ww% tag Taaen Tamda dama 1 wws% nnaungurginoaniy 1 97 Tuaazmims
{ ) 3}, o = <3 3}/
WYUK 9000 30U/ UM 50 U TIUIU 3 39 HagIIMINAAo VYT UIUUDILTINIHYA
2 ; y . v 4
WSunaniteenants UsualuTasmu Ysualdsdunazaieinld vazsurunsa lviunszive
P A ° o ~ 3 A o Aw o ° 2 A &
lanouniazai lilvimsessuihesllsaudnidanm luduazhnsvugilgaiiess eagilwa
MINATDUUAAIAIATIN 4.1
; ¥ L4 . a2
1na31ed 4.1 wuanherldsaudineson 1 Tuglvesasuiwuduiing 1143
e d o & v " A o ¥ Yy  a ~ &~ Y 9 !
oFFuAlivg 1IN 60% WuAsdINUIeTuIstaney TuHogasalANUUTNIY 60% A1 TSC

¥ A o A ) 1 9 A a 2 A o
"U’f]\iu']fl']\ijﬂiﬂugnllﬂ’] 60.75% uaElﬂj']u’lfl']\‘lt’llu(’]fu@Ll@MINLUﬂgQ%QMﬂ’I TSC mn1nu 60.87%



3 a

[ Y1 ' 1 o ¥ =2 o A1y N
wiiu1a1IHaA19321919 TSC - A1 DRC - weathenaTsaumiinniosninluiiersyi
4 A § [ g [ % 1 a oy 4 o
wonTuflegs iosnnasdeoduniioglnhesldgnanasen lunumsuanzuas g Sohld
HAR19524319 TSC 11 DRC finniooas

Y Y
5ua'luTasauues HANR aaadain 045% lagiiviindlu 0.06% lasiiimiin

o A Y = @ A ay o & A A a a o w A A
HAIVINNUNITUURAIYLTY 1 G]f'JIlN NYUHHUTO ﬂ\iuuglﬁﬂuﬂﬁgﬁ‘ﬂ‘ﬁﬂ']Wﬁ]JUﬂ'ﬁﬂﬁlfﬂﬂI‘]JﬁWUW
yY A

1 ? \ o 4 3 ' 2
agluiines ieninvia Tsaunazaieninla wunmsldgiselumsan Tsauluiersanse

Q

]
[ o

aatSunalysAunazaeinlane 1.52 4g/g Famsmvavsemsan llsaulitszaudine oo
1 %’ o Siﬁld' 9 1TAa 9 = [ Bul [ o w
012 1g/g weuhen sz lidnldaulunaoimsud 2] TuvuzBernnhenrannmin

o 1Y) { . I 1 %’ [ 1
Tisauiisaunsa luiunszme ldanas Faianudluld1dhesdiianuadesuas lide
a v o & Y
AMWNANITUANIUA DY

"o 3
4.1.2 MINATIUMITNIVUIADYNIA ngﬂTﬁﬂfj’%@ﬂ‘U’fN‘HWﬂN

$ L H a
ﬂ"li"lﬂﬁ 4.2 NITINITTIYUDIVUINDUNIA Llagﬂ'lﬁﬂfl%@ﬂﬂ]@\?ﬂ?ﬂ?ﬁ‘ﬁiilﬂﬂﬁ

Sample Mean diameter of particle size Zeta potential pH

(nm) (mV)
HANR 440.57 -58.83 9.88
DPNR 643.67 -45.90 8.54
DPNR pre-vulcanized 804.60 -37.69 8.90

{ 1 L g
NN 42 LAAIAINIINTZIIGVBIVUIABUAIA AIANITA AL pH VD911
(o)
HANR, DPNR iaig DPNR pre-vulcanized HeN13798WLI1UI1819 DPNR  1ag DPNR  pre-
1w d o U 2 dy 4 { a a¥
vulcanized HAANIFAIAINIGIE HANR N1 101HBI010I0NUHIVOI819555091A019g 00
9 A R A 3’; 1 a [ 3}/ [ o w = o 4
AguA28 Tuanaved 1sAUFINNT carboxyl taznguezii Iy Aariurdsnnnsmaalisaui
5 a o A 1 o v Y a ~
Uszgavvetoumnesanas uaylutheallsaudilia  pH 8.54 dindnhenasiauen Tuile
R oA U G H = ° ~ g Y
g9 aTien 9.88 51z Tusznaenszuaumsmseuiine1s T saud von TudielunihensIdszie
' =< o Y ’é = o A 1 o ' %’ a =\ 1 %’
pon ldundiudeilv pH veuhersldsAudilindininiersianen Tuloge uaiiens
= :; o = = " Aa v o Q& Y dyw 1 =
Tsauddansdimtosnmuaz linamsduaailudou uennntidamunnisanasveslisau
9

o 9 = X A o o = o ~ < ¥ A o
1/nG|,WIJummgmﬂ"ummmmumslﬁmﬂjuuazLaJ’e'JmmmﬂﬂmumulﬂmwnLﬂumEJNWi’Jam

/A o 9 = At I a A
Ulu“]fflﬁﬂ’ﬂ‘ﬁﬂlu’lﬂ@uﬂ’]ﬂEl’l\?ll"l]ll’l@slﬁfgvlﬂu@’mHJHWall’lﬁ]’lﬂﬂ’]ﬁlﬁi]ﬁ’lilﬂllﬁ’]\i G]a\‘illﬂsluﬂ'li
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~ ¥ A Y a @ 4 1 Ad a o Y ¥ = =
msﬂnmamwai‘wmﬂmsmﬂ1"l,uqmNmuuazmimummmﬂﬂmﬂwuwwummmaai

A 4? [~ A = A dg@l ] < 11w I ¥ ] <3 9 o
NV HITIHUNUIYNUAT pH INUUY LW]i]$L‘Wu31ﬂ1ﬂﬂﬂ“]f@'IGU'ENu'lf.l'l\'iﬁﬂaﬂf]ﬂ?\nﬂu]lﬂ%ﬂmu

~ d

(Y] 14 N Y a d Aa
4.2 Nﬂﬂ]i‘ﬂﬂﬂi’)‘ﬂﬁﬂ‘Hmgiﬂﬁx‘lﬁﬁ"l\ﬂ’n\‘l!ﬂﬁ»lﬂ'Jﬂ!‘ﬂﬂuﬂ‘l{“!!iﬂi‘i’liﬁ»!‘l"l't’)ﬁlli’]uwﬁﬂiﬂ

mninsalni (Fourier Transforms Infrared Spectroscopy, FTIR)
anvae 1ATad 19U s IINTIANINNMIAATIEHAIemAla FT-IR 1uIvua ATR

o A ~ A ' S o s A o '
L!ﬁﬂ\‘lﬂ\?qﬁ;ﬂﬂ 4.1 NNAUDI FT-IR WULLE\UﬂWi@@ﬂﬁuﬂyjﬁﬂﬂ%uﬂlﬂﬂlﬂh\lﬂ (N—H) NAULYUILAUY

i) _ ) ' 9} M 9°I A H
aaulszinm 3326 em’ aveglulassadnvesldsduntogluihenssssuma uazilsingfiai

U

A -1 -1 1R Q3 & A

muAaulszIn 2961 ecm’, 2917 cm 1A 2853cm’ FUVUNIAULUVBAYDI CH UaE —CH, 11

a A A A VW a1 < A o '
gNTITUNA AIuNANUTINYEEVAaUNINY 1662 cm HuMsTuLIVBAVRMIUTLE (C=C) Tu

aa A A -1 -1 < '
gNFITNWIA NANIQANAUN 1445 cm ', 1375em’ 1 UMTAULUVBYDY —CH TuHy —CHuag —
Aaa A A A A 1 3 A A
CH, lugas3suma nanlsingmsganauieunau 836 cm \WUMIdUUIUEAYDI —CH 0

[ o [ a a 4 [

IMzaguUIUse (C=C) Tueasssuana [38] Tasaunsndynanisinsizniiamsganans

a

§ 1 4 1 { o o 90’
oUW 15AY0I HANR 1oz DPNR g imianana e o Tuans1ai 4.3 1a991n1111e19 HANR 11
saldsaudegSeiaunulmden Tamgadganla Using liwudumisavadulszum
- 1 < ! N ] 4 [ { %
3280 cm’ uatlsIngiiaan 9 91 3320 cm” Ao vy TuTunae lanlil Ind unuawaalugili 4.2 a9

I A @ 1 o w = 3’/ =1 a a
FumssugunszuIunmsnaa ldsauiuialszansnw
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: : f ]
_T:N:\:__/\ " /V SN Uf\ | ¥
| I| | I i | ILH L}
| ! 1 | !
328(]: cm | 16621: Cm-l
5 i i |
o~ i i 1
: s | | i
; N’ s s
| | s i
1 (] 1 1
e L . i
1 | ; | 1445,1375cm’ |t
| 2961,2917, 2853cm’ | 836 cm’
4000 3500" 3000 2500 2000 ' 1500 1000 | 650

cm-1

sUN 4.1 anvae Tmaﬁﬂwmmma‘ﬁsmGlfwwummﬂmuﬂﬂmmmmumﬂuuww

5350a 158U

v A

{mﬁ"lfl‘ﬂ 4.3 Wﬂﬂﬁﬂ@ﬂﬁuiiﬁﬂuﬂ‘ﬂliﬂﬂ]flﬂ HANR ua& DPNR ‘ﬁﬁumﬂmamﬂﬁu@in 9

Samples Wavenumbers (cm-l) Vibration modes
HANR, DPNR 3280 NH stretching
2853 -CH, symmetric stretching
2917 -CH, asymmetric stretching
2961 -CH, stretching
1660 C=C stretching
1440 C-H bending of CH,
1375 C-H bending of CH,
835 C-H wagging of isoprene unit
DPNR 3320 Mono or dipeptides
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0.02

——HANR
0.015 DPNR

0.005 {—
WW

-1

3400 3350 3300 3250 3200
-1
cm

51U 4.2 anvaz InsIa519999 HANR (iaz DPNR #admaa ldsau

Y

wAa A T Aa(d IS} (Y] J
4.3 ’smuﬂwanammuwuwauqammnam"lum

43.1 ANUNUNUADLTIA (Tensile Strength)

q' ] 1 = "oAad = =S o A 9y =~ a
A998 4.4 mﬂ’mJ1/1u‘mummmwmuwuwanqmamﬂﬂmumma@umﬂa"lmuazﬂimﬁ

2 o s ~
‘;If\i'laﬂ']lluch'ﬂigﬂgl?a] 5,10, 15 tag 20 1IN

Curing Time Tensile Strength (MPa)
(min) 10% C1* 20% C1 10% C2** 20% C2
5 16.11+1.65 18.84+1.35 22.03+0.07 20.39+9.32
10 20.69+1.85 18.49+0.43 19.50+1.02 19.13+£2.22
15 21.99+2.72 17.89+0.56 18.75+£2.16 18.02+1.43
20 23.254+2.05 20.03+£2.07 23.68+11.14 16.82+1.68

* C1 = Styrene Acrylate (1n3@ 9301)

*% 2 = Styrene Acrylate (tn5A172 11))
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35

=
ko
Lh

1

ANUNUMUABITIAY (MPa)

[
th
1

UG

m10%C1 @20%C1 M@O10%C2 @[20%C2

10 15 20

szaznalumsdan lugs (1)

= a = W 4 d' =
a'lasuezasiansataalus Nszezinan 5, 10, 15 uag 20 wIH

432 530289 o V1A (Elongation at Break)

a 1 = 1 s A A o A Y
iﬂ‘ﬂ 4.3 W'ﬂﬂ'li‘ﬂ@]ﬂ@ﬁﬂ’]?ﬂﬂuﬂ’]uﬁﬂui\?ﬂ\?"l]'0\1LLW‘L!WﬁiJiNll't’)EJ'l\iI‘]Jﬁ@lu@'lLﬂa@Uﬂ'Jﬂ

d' U = a d = = 'o A k) ~ a 2 o
ATNN 4.5 A15T828m W i]ﬂ"lnﬂGU?N‘V\IquQﬂJi’JEJNT‘]JW]uﬁnﬂﬁE]Uﬂlﬂﬁll@liu’f)zﬂilﬁ@%’ﬁ"]aﬂW

A ~
llummzﬂznm 5, 10, 15 18 20 UIN

Curing Time

Elongation at Break (%)

(min) 10% C1* 20% C1 10% C2%* 20% C2
5 658.10+461.82 580.32+375.46 909.32+52.83  827.83+£370.44
10 826.01+26.87 916.87+147.38 919.73+180.91  905.59+240.99
15 739.49+121.88 973.80+247.57 902.63+179.99  702.49+476.05
20 834.354+27.24 805.68+13.50 850.87+380.85  953.43+158.98

* C1 = Styrene Acrylate (5@ 9301)

** C2 = Styrene Acrylate (103 ana 1)
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1300

10%C1 @20%C1 O10%

1000

(%0)

|
=]
o

=
IZYTHN W YNVINA

.
o
)

100
5 10 15 20

szgzantumsTanmlud (11)

d' = 1 4 A = o = Y
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Pszezan 5, 10, 15 uag 20 U

Curing Time 100% Modulus (%)
(min) 10% C1* 20% C1 10% C2** 20% C2
5 0.84+0.07 0.80+0.08 1.14+0.14 0.95+0.42
10 0.89+0.01 0.69+0.05 1.12+0.09 0.95+0.11
15 1.10+0.04 0.74+0.11 1.174+0.10 0.99+0.05
20 1.12+0.09 0.92+0.07 1.30+0.58 0.95+0.09

* C1 = Styrene Acrylate (5@ 9301)

** C2 = Styrene Acrylate (103 ana 1)
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o 7 =
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Curing Time 300% Modulus (%)
(mins) 10% C1* 20% C1 10% C2** 20% C2
5 1.54+0.12 1.46+0.10 1.82+0.22 1.64+0.73
10 1.49+0.02 1.39+0.07 1.75+0.13 1.65+0.17
15 1.85+0.11 1.47+0.10 1.85+0.18 1.744+0.06
20 1.83+0.22 1.64+0.11 1.99+0.89 1.65+0.13

* C1 = Styrene Acrylate (3@ 9301)

** C2 = Styrene Acrylate (103 ana 1)
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Y A ~
’Jamblu“]smzﬂznm 5, 10, 15 i@ 20 UN

Curing Time 500% Modulus (%)
(mins) 10% C1* 20% C1 10% C2** 20% C2
5 3.24+0.36 2.64+0.24 3.49+0.31 3.38+1.53
10 3.38+0.10 2.65+0.17 3.36+0.27 3.70+0.55
15 4.02+0.22 2.89+0.08 3.50+0.35 3.42+0.08
20 3.71+0.34 3.20+0.15 3.78+1.69 3.2940.18

* C1 = Styrene Acrylate (tnN5@ 9301)
** C2 = Styrene Acrylate (103 ana 1)
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Abstract

Properties of deproteinized natural rubber (DPNR) were investigated in order to apply the DPNR latex as
non-allergy vulcanized rubber thin film products. Removal of proteins from natural rubber was made by
incubation of high ammonium natural rubber latex (HA-NR) with urea 0.1 wit%. 1 hour in the presence of
surfactant at room temperature (DPNR). The nitrogen content of the DPNR was reduced to 0.05 wit%,
which was lower than 0.45 wt% of HA-NR under the test condition. The reduction of protein content can
be confirmed by observation a chemical structure through FT-IR technique. It is suggesting that the urea
treatment is an effective method to remove protein from rubber latex. Then. physical properties of the
DPNR latex were investigated. Amount of water soluble protein was observed through modified lowry
method and it was found that water soluble protein content after incubation HA-NR with urea was
reduced to 15 pg/g (DPNR) from 4,245 pg/e (HA-NR). It was found that VFA number of DPNR was
lower than that of HA-NR due to lower amount of protein presence in rubber latex. The particle size and
charge of rubber latex was examined by dynamic light scattering and zeta potential to compare between
un-vulcanized latex and wvulcanized latex. The mechanical properties were then observed when we
applied the DPNR latex to vulcanized rubber glove.
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1. Introduction

Removal of proteins from natural rubber (NR) with urea is conducted to prepare a vulcanized DPNR
latex. rapidly and efficiently. The proteins present on the surface of NR particle in the latex stage may
sometimes cause an allergy [1-3] to sensitive individual and side reaction during chemical modification of
NR latex [4]. In our previous work [5-7]. the removal of proteins can be successfully prepared in latex
stage using proteolytic enzyme to decompose the proteins and urea treatment to denaturation of the
proteins. However, in order to improve DPNR latex as a rubber product it is necessary to investigate the
properties of vulcanized latex.

In this study, physical and mechanical properties of DPNR latex treated with urea as a denaturant in
the presence of surfactant was investigated. DPNR latex was also applied for vulcanization in latex stage
in order to prepare a thin film product.

2. Experimental
2.1 Materials

Natural rubber latex (HANR), Sulfur (S). Zinc oxide (ZnO), Zincdiethyldithiocarbomate (ZDEC),
Zinc mercaptobenzothaizole (ZMBT), Wingstay-L and Terric acid were purchased from Rubber Research
Institute of Thailand. Sodium dodecyl sulphate (SDS) was supported by Nagaoka University of
Technology. Calcium nitrate (Ca(NOs), 4H,0) were purchased from TTK science. Ltd. Urea was
purchased from BDH Laboratory Supplies Ltd. Potassium hydroxide (KOH) was purchase from VWR
International Ltd. Polymer coating (C1 and C2) was donated from Glove Company.

2.2 Preparation of deproteinized natural rubber (DPNR)
HANR latex was incubated with 0.1 wt% urea in the presence of 1.0 wt% SDS solution at Room
temperature. for 1 h. the centrifugation was used to separate the cream fraction, which was redispersed in

1.0 wt% SDS solution. Then. the cream fraction was washed twice with 0.5 and 0.1 wt% SDS solution,
respectively.

2.3 Preparation of pre-vulcanized latex
The DPNR latex was prepared by compounding of DPNR latex according to the formulations shown

on Table 1. The mixtures were incubated at room temperature for 96 h, and then were pre-vulcanized at
60°C for 25 mins.

Table 1 Formulation of pre-vuleanized DPNR latex compound

Component Weight (g)
60% DPNR latex 167.0
10% KOH 2.0
10% Terric acid 0.2
50% Sulfur 1.6
50% ZDEC 0.8
50% ZMBT 0.8
50% Wingstay-L 2.0
50% ZnO 2.0
30% Coating polymer (C1 and C2) 10,20
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2.4 Preparation of DPNR latex films

The DPNR film was prepared by dipping method as shown in Fig.1. The dipping was achieved by
using ceramic bar as mold. The mold was dipping into the coagulant for 30 s followed by drying in the
oven at 100°C for 1 min. The dried mold was dipped into the prevulcanized DPNR latex. The soaking

time was 1 min. after that was vulcanized in the oven at 100°C for 30 mins.

| Ceramic bar

Clean and drv in an oven for 20 min

A

- Pre-vulecanized
| Soak in the coagulant for 30 s | DPNR latex

l Dry in an oven for 1 min

| Dinpine into latex for 1 min |4—

Vuleanization time for 30 mins

h 4
DPNR film |

Fig.1 Preparation of vulecanized DPNR films

2.5 Characterizations of DPNR latex

The physical properties of latex were investigated by Thai Industrial Standard (TIS 980 — 2009) i.e.
determination of total solids content (ISO 124 - 1997), determination of dry rubber content (ISO 126 -
1995) and determination of volatile fatty acid number (ISO 506 - 1992).

2.6 Water soluble protein measurement

The amount of water soluble protein of rubber dry film prepared from concentrated NR was measured
using a Standard Test Method for Analysis of Aqueous Extractable Protein in Natural Rubber and Its
Products Using the Modified Lowry Method.
2.7 Mechanical properties

The testing was performed according to determination of tensile stress — strain properties (ISO 37 -
2005) type 2. The two pieces of dumbbell were cut from each film. Also, the average thickness was
evaluated and used for the measurement. Mechanical properties of tensile strength and elongation at break
for NR vulcanized films were investigated by universal testing machine (INSTRON). The crosshead was
operated at speed of 500mm/min.

2.8 Particle size distribution and zeta potential analysis

Particle size distribution and zeta potential analysis was determined using a Malvern 2000 laser
particle analyzer. About 5-10% (v/v) of rubber latex was dispersed in distilled water before the analysis.
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The stock buffer solution was freshly prepared in the pH range of 4—12 for dispersing the pre-vulcanized
NR latex, as given in Table 1. Samples were prepared by adding one drop of latex to 20 ml of buffer
solution. Zeta-potential values for natural rubber particles were determined using zeta potential analyzer
(MALVERN S4700 version 1.27). The rubber latex was dropped into de-ionized water and then injected
into the sample handling for re-flush and measurement, respectively. Zeta potential was observed using
the conversion of the frequency and scattering intensity function.

The Measurement of particle size in suspensions with Brownian motion (Brownian motion) based on
the theory of the Stokes-Einstein equation.

D= kBT (1)
3nnod

3. Results and Discussion

3.1 Physical properties

Total nitrogen content of HANR and DPNR. which is proportional to the amount of proteins present
in the rubber latex. is shown in Table 2. The total nitrogen content of HANR decreased from 0.45 wt% to
0.06 wt% after incubation with urea for 1 hours at room temperature. It may demonstrate that most
proteins present in NR latex are attached to the rubber with weak attractive forces, can be detached with
urea.

The amount of water soluble protein content of HANR was 4.215 pg/g. which was very much higher
than those of DPNR (15 pg/g), respectively. The result confirms that urea treatment is quite effective to
prepare low protein rubber latex.

Physical properties i.e. total solid content (TSC), dry rubber content (DRC) and volatile fatty acid
(VFA) of NR were also tabulated in Table 2. %TSC and % DRC of DPNR latex were lower than a neat
HANR after centrifugation twice. Then we kept the both DPNR latex (preservation with NH4 content
about 0.2 wt%) for 2 weeks before testing of VFA. Volatile fatty acid number indicates a quality of
preservation latex in which occurred from degradation of protein by bacteria present in the latex. VFA
number of DPNR was lower than HANR two times. This may be due to the lower amount of protein in
the latex.

Table 2 Total solid content (% TSC), dry rubber content (%DRC), nitrogen content, water soluble protein and volatile fatty
acid(VFA) number of HANR and DPNR latex.

Sampl TSC (%) DRC (%) Nitrogen content Water soluble VFA
ample (Wt%) protein (ug/g) number

HANR 60.87 60.05 045 4215 0.028

DPNR 60.75 59.83 0.06 15 0.014

3.2 Particle size distribution and zeta potential

The rubber latex was usually maintained colloidal stability via their surface charges having either
lower of -30 mV or higher of +30 mV [13]. Table 3 shows a zeta potential value of HANR. DPNR and
pre-vulcanized DPNR latex. It was found that all rubber samples were negative charge at pH 8.5-9.8. The
zeta potential values of DPNR latex and pre-vulcanized DPNR were lower than HANR. This may be due
to the surface of NR latex was covered with protein molecules which was contains both carboxyl and

86

731



732

Warunee Arivawirivanan et al. / Energy Procedia 34 (2013) 728 — 733

amino groups. Therefore after removal of protein, the negative charge of rubber particles was reduced but
still maintain stable without self coagulation. We found that the DPNR latex and pre-vulcanized DPNR
latex at pH of 8.5 and 8.9, were -45.90 and -37.69 mV, respectively.

Table 3 Particle size distribution and Zeta potential value of natural rubber latex

Mean diameter of particle Zeta potential (mV)

Sample size (nm) pH
HANR 440.57 -58.83 9.88
DPNR 643.67 -45.90 8.54
Pre-vulcanized DPNR 804.60 -37.69 8.90
b
e : Y
3 E g f
i - s i
E y i : LR —
: - /
5 e L |
il e
(@ (®)
Fig. 2 Particle size distributions of DPNR latex. Fig. 3 Stress-strain curve of vuleanized DPNR/C2

at curing time 20 mins.

The particle size distribution of rubber latex was shown in Fig. 2 and mean diameter of particle size
for HANR, DPNR and pre-vulcanized DPNR latex was tabulated in Table 3. It was found that the average
mean diameter of HANR was lower than DPNR and pre-vulcanized DPNR latex. This may be due to the
teduction of zeta potential of the latex. There are a potential to coagulation after removal of negative
charge (proteins) and when we stirred the DPNR latex for preparing the pre-vulcanized latex.

3.3 Mechanical properties

The DPNR latex was then compounding using sulfur vulcanization as shown in Table 1. Fig. 3 shows
a typical stress-strian curve of pre-vulcanized DPNR. The Tensile strength. modulus100. modulus 300
and elongation at break of the DPNR after vulcanization at various curing times (5. 10. 15 and 20 mins)
was estimanted from Fig. 3

As can be seen in the Fig. 4. tensile strength of DPNR/C1 was increased with increasing curing time
while tensile strenght of DPNR/C2 was decreased. It was found that after mix DPNR with C2 at 10 wt%
shows the higest value of tensile strenght. From Fig. 5, elongation at break of DPNR was higher than that

of HANR (843%) in selected conditions.
Table 4 Modulus 100% of vulcanized DPNR/C1 and vulcanized
DPNR/C2 at various curing time.

0 — - —
scio

2 > AN\ | Curing Modulus 100% (MPa)

. B N timo (€1 10) (€2 10) (€1 20) (€2 20)
b 1 . e | (mins)

" vl 5 0002016 1142015 0802007  0.95:0.01

- 1 10 0.88£001  1.15£0.07  0.69+0.05  0.94+0.11

| . 15 1.1040.05 1172012  0.7720.14  0.98:0.04
; i " 20 1124010 1.2620.10 0924007  0.9420.09

Dipping tie anite

Fig. 4 Tensile strength of vulcanized DPNR/C1 and vulcanized DPNR/C2 at various curing time.
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Table 5 Modulus 300% of vulcanized DPNR/C1
and vulcanized DPNR/C2 at various curing time.

o ’ Curmg Modulus 300% (MPa)
g wez time (C110) (C210) (C120) (C2 20)
(mms)

Elonzation al brak

w| |l g 154£0.11 1825024 1472010  1.63£0.04
» 1.50£0.03 1812006  1.39£0.06  1.65+0.17
w | 1.85+0.11  1.85%023  1.51£0.14  1.74+0.06
w0 } 1.83+0.23 1.95+0.12 1.64+0.12 1.63+0.13

Dipping time mim

Fig. 5 Elongation at break of vulcanized DPNR/C1 and vulcanized DPNR/C?2 at various curing time.

Table 4 and Table 5 show the modulus at 100% and 300 % of DPNR/C1 and vulcanized DPNR/C2 at
various curing time. It was found that the modulus tended to increased when curing time increased. The
modulus at 300% was higher than modulus 100% for all samples. It is worth to note that modulus of
vulcanized DPNR was higher than that of HANR. Tt may suggest the possibility to develop a preparation
of low protein natural rubber product when elongation higher than 500%.

4. Conclusion

Removal of protein from natural rubber latex using urea treatment was proved to be effective method
to prepare vulcanized DPNR rapidly and efficiently. It was confirmed by nitrogen content and amount of
water soluble proteins. The DPNR latex is able to void a self coagulation due to a presence of negative
charge even after removal of protein. From the present study of vulcanized DPNR, we found that
mechanical properties of vulcanized DPNR can be improved by mixed with polymer coating therefore the
quality of DPNR materials can be enhanced more for specific applications.
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Properties of Dipped Mold Deproteinized NE
Latex Film

Tutarat Wuimn', Waranes Arivawirivanan'™ and Sefichi Kawahara®

Deparmment qf Marerial and Merallurgical Engineering, Facully of
Engineering, Rajamangala Universigy of Technelogy Thanyaburi,
Kang & Thanyaburi Pathumihani 12110, Thailand
Phone:+06-2540-35 78, *E-mail - warunee. aen_rmuitan. i
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Absrracr— Properties of prevulcanization process of dipped mold
deprofeimized matmral rubber (DEWE) lafex film were investipated m
arder to apply the thin film latex as nop-allergy walcanized mubber thin
film products. Bemoval of proteins fom pamural mobber was made by
incubation of kizh ammonium narural rabber latex with urea 0.1 wis, 1
hour in the presence of smfactant at reom temperature (DFNE). The
nitrogen comtent of the DPNE was reduced to 0.05 wite, which was
lower than 0.45wit: of HA-NE under the test condition. The reduction
aof protein content can be confirmed by observation a chemdcal smocture
throush FT- IR technique. It is suggesting that the urea freatment is an
effective method to remove protein fom ribber laew. Then, properties
af the prevulcanization DFWE. film were imvestizated. Amount of water
sofuble protein of dipped meld DPNE. film was 15pg'g through
modified lowery method The crosslnk density and mechanical
propertiss were then observed when we prepared the dipped meld
DPNE. latex in different curing system It is fund that the dipped latex
films can retain the majority of their tensile properties after subjected to

acrelerated aging.
Eeywords—  Deproteinized matural — rubber,  Sulfur-wulonizmton,
Peroxida- Mechanical propemies. Thermal agnz.

Introdoction

Bemeval of proteins from natural mubber (MR} with urea is
conducted to prepars a vilcanized DPWE. latex, rapidly and efficientdy.
The proteins present on the surface of MNE. particle in the latex stage may
spmetimes cause an allergy [1-3] to sensitive individual and side
reaction during chemical modification of WE. latzx [4]. In our previous
work [5-T], the removal of proteins can be successflly prepared in latex
stage using proteclytic enzyme fo decompose the profeins and urea
treatment to denaturation of the protein:. However, in arder to improve
DPWE latex as a rubber product it is pecessary to Mmuestigate the
properties of volcanmized latex.

In this smudy, croslink density and mechamical properties of
DPWE. latex treated with urea as prepared the dipped mald DFNE. [atex
in different comng system DPFWE latex was also applied for
vulcanization in latex stage in order to prepare a dipped Mold
Deproteinized NE. latex films prodact
Experimental
11 Materials

HNatural robber latex (HANE), Potassium by droxide (FIOH)
m:pm:hase from VWE. International Lid Temic acid were purchased
from Pesearch Instiute of Thailand Sodinm  dodecyl
w.lpham(SM} was supporied by magacka university of techmology.
Sulfior (5) Fimc owide (Zn0), Zmcdisthyldithiocarbomate (ZDEC). Zinc
mercapivhenzothaizole (ZMBT), Winzstay-L.Calciom nimase{CaN0, )
AH-0) were porchased from TTE soence Ltd. Urea was purchased
from EDH Laboratory Supplies Ltd and Polymer coating ( C2) was
dorated from Glove Compamy.

211 Preparation of deproteinized natoral rubber (DENE)

HANME. latex was moubated with 01 wic urea in the
presence of 1.0 wi%: 505 solufion at Foom temperatore. for 1 b the
cenfrifapation was used to separate the cream fraction, which was
redispersed im 1.0 witc S5D% solution Then the cream fraction was
washed mwice with 0.5 and 0.1 wr?: SD% solution, respectively.

13 Preparation of pre-volcanized latex
The DPNE. latex was prepared by compounding of DFWE. latex
according to the formuolations shown oo Table 1. The mixfures were

96

mmcubated at room temperatme  for 96 b then were pre-vulcanized at
60°C fior 25 moins.

Table 1 Formulation of pre-valanized DPNE. latex compound

Companent Weight (=)
0% DENE. latex 167.0
10% KOH 20
10% Termic acid 0z
50% Sulfir 15
50% ZDEC 0s
50% ZMEBT 0s
50% Wingstay-L 10
0% Zn0 20
30°% Coating polymer (C1 and C3) 10,20

2.4 Preparation of DPNE latex films

The DPFYE film was prepared by dipping method as shown in
Fiz.l. The dipping was achieved by using ceramic bar as meld. The
mold was dipping into the coagulant for 30 5 followed by drying in the
oven at 100°C fir 1 min The dmed mold was dipped imp the
prevalcanized DPME latex. The soaking time was 1 min, afer that was
vulanized in the oven at 100°C for 30 mins.

Ceramic har

Clean and dry in an oven for 20 min

¥
| Soak in the coagnlant for 30 5

| Pre-vulcamized
DPIE. latex

l Dy in an oven for 1 min

| Dipping into latex for | min |,,7

Vitlcanization time for 30 mins

L 4
| DPNE flm |

Fiz.1 Preparation of vulcanized DFNE films

15 Characterizations of DFNE latex
The rphysical properties of latex were imvestizated by Tha
Industrial Standard (TIS 80 — 2009) fe. determination of tofal solids
comtent (IS0 124 - 1997), determiration of dry robber content (IS0 126
1995) apd determination of wolatile fatty acd oomber (I30 306 -
199"‘-

L6 Water soluble protein measurement

The amount of water soluble protein of rubber dry flm preparsd
from concentrated WE. was measured using a Standard Test Method for
Aralysis of Aqueous Exiractble Protein in Natural Fubber and It
Products Using the Modified LowTy Method.

1.7 Mechanical properties
Itetaﬁ.ugaaspa‘fmmaﬂmdmgw determimation of tensile
stress — strain propertiss (ISO 37 - 2005) type 2. The two pieces of
mmhtdlmm&umeathﬁlm Also, the average thickness was
evaluated and used for the measurement Me::hm.ﬂlpu'npemz:.uf
hmﬂlesu'en.ghmd&]mganmutumkﬁammmdﬂm;m
by universal testing machine. The crosshead was operated
at speed of 300mm/min



3.RESULTS AND DISCUSSION

3.1 Physical properties

Taotl nirogen content of HAWE and DPNWE. which is
proporiional to the amount of proteins pressnt in the rubber latex, is
shown in Tahble 2. The total nitrogen comtent of HANE. decreased fom
045 wite to 0.06 wi%: afier inoobation with urea for 1 bours at room
temperanmre. It may demonsirate that most proteins present in WE. latex
are attached to the rubber with weak afiractive forces, can be detached
with ursa.

The ameunt of water soluble protein content of HANE. was
4215 wg'e which was very much higher than these of DFNE. (1.5
ug'E). respectively. The result confirms that wurea treamment is quite
effective to prepars low protein mibber latex.

Physzical properties L.e total solid comtent (TSC), dry rubber
content (DE.C) and volatile fatty acid (VFA) of NE. were also tabulated
in Table 3. %TSC and % DRC of DFNE latex were lower than a neat
HANE. after cemimifugation twice. Then we kept the both DPNE. latex
(preservation with MH4 confent abour 0.2 wis) for I wesks before
testing of VFA. Volatile fatfy acid mumber indicates a quality of
presarvaton latex in which ocourred from degradation of protein by
bacteria present in the latex. VFA oomber of DPNE was lower than
HANE. two times. This may be due to the lower amount of profein in the
Tates.

Table 2 Total solid content (% TSC), dry rubber content (SDR.C),
nitrogen cootent. water soluble protein and wolatle fatty acid{VEA)
mumber of HANE and DFNE latex.

TSC | DRLC | Hirogen
e | e content
Sample (s
HANE | 60.87 | &0.03 0.45
DENE | gp75 | sess 0.06 152 0014
3.3 Mechamical properties
Hr 1~ N7 VAl
uf L3 |
ot *: |
g: ‘-“t' | [ s
i Fdl W=
- =
i i S
Eoo f/ ! =
gt i WA
—_— A 2 7 S

L i D W 430 B0 e N B W O ROR 1 L

Toruslle sbrain %)

Fig 3 Swess-strain corve of wulcanized DPWE/C2 at curing fime 3{)
mins.

The DPFWE. latex was then compounding using sulfir
vulcamization as shown in Table 1. Fig 3 shows a typical sress-soian
omwe of prevulcamized DFNE. The Tensie srength, modulns100,
madulus 300 moduls 300 and elongation at break of the DFNE. after
vulcapization at vamens conne tmes (3, 10, 15 and 20 mips) was
estimanted from Fig. 3
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Fig. 1 Elongation at break of volcanized DFWE/C at various curing
time.

Table 3 Moduls 100% of vulanized DPNESC2 at wanous curing

Hme.
"I Modulos 100% MPa,
10 20
5 114015 085=001
14 1.15+0.07 004011
i 117011 0.08=0.04
a0 126010 0.04=0.09
1.4
q ———-O——-pohmer costmg {1096 wi)
134 ———— palyner coatig {10% wr)
E_ 1.24 -
R 7777 ==»7] I
= L4
-
i L
=]
= 2 A
0.9
1L T T T
5 1] 15 2
euring fhme {mins)

Fig. 3 Modulus 100% of valcanized DPNE/C I at various curing time.



Table 4 Modubus 300% of volcamized DPWE/CI ai various ouning
time.

Curing Moduoles 3008 MPa,
time Polymer coating Polymer coating
(mins) a0 200
5 182024 1.630.04
10 1E1=0.06 1.65+0.17
15 1B5013 1.740.06
0 195012 1.63+0.13
———{-——-pokmer coatmg [10% wi)
20— pobymer coatng (2% wi)
= 18T
F .
E . .
£ b
& L
z
L}
L4=
5 I 1IIZ' I ll." I el

cunding rime (mins)
Fig. 4 Moduhus 3007 of vulcanized DPWEC2 at various Curng rims.

Table 5 Modulus 500% of wvolcamized DPWE/CI ai various ounng
time.

Curing
Time E
5 340=034 3414015
10 346024 370055
15 350043 354027
0 354032 3334019

- ———-——- potymer coatng ( 1#a wr)
.2 ~—--¢r—— polvmer coammg (20% wi)
4.0
£
-
=T
#
- 3
Z 35 -
: - . -
2 | —— . )
= 34y
: L
32
L} T y . Y '
: i 15 i

cnring tinse (mins) )
Fig. § Modulus 500% of valcanized DPNE/C2 at various curing time.

Table 3, Table 4 and Table 5 show the modulos at 100%
005 and 500 %5 of vulcanized DPME./C2 at various curing time. It was
found that the modulus tended to increased when coning time increased
The modakus at 300% was higher than modulos 100%; for all samples. It
is worth to note that modukos of voleanized DPFNE was higher than that
of HANE.. It may suggest the poszibility to develop a preparation of low
protein namral mbber product when elonzation higher than $00%.

4. CONCLUSION

Femoval of protein from naroral rubber latex using ursa
weatment was proved to be efective method to prepare walcanized
DPME. rapidly and efficientdy. It was confirmed by nitrogen content and
ampunt of water soluble proteins. The DPFWE latex are able to woid a
s2lf coagnlation due to a presense of negadve charge even after removal
of protein. From the present stady of valcanized DPNE., we found that a
mechanical properties of valcanized DPNE. can be improved by mixed
with polymer coating thersfore the gualicy of DPNE. materials can be
enhanced more for specific applications.
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