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KEY WORDS : NATURAL RUBBER LATEX/EMULSIFIED BITUMEN/MODIFIED ASPHALT
EMULSION/ROAD PAVEMENT
SAOVAROS MALITHONG : THE STUDY OF EMULSIFIED BITUMEN USING
PRE-VULCANIZED NATURAL RUBBER LATEX AS BINDER AND THEIR APPLICATION ON
PAVEMENT. THESIS ADVISOR : ASST.PROF.CHANCHAI THONGPIN, Ph.D. 109 pp.

Bitumen or Asphalt has been used in road pavement as the binder of aggregate.
Unfortunately, high-temperature rutting and low temperature cracking of asphalt or coating
layer, due to severe temperature susceptibility, limit its further application. The addition of
polymer to asphalt has shown to improve its performance. Pavement with modification
exhibited greater resistance to rutting and thermal cracking and decreased fatigue damage
stripping and temperature susceptibility. Asphalt emulsion is manufactured by emulsification of
asphalt, and it is an energy-saving, ecologically safe material because it does not need any
heating processes which can emit gas and fire hazard in its use. Natural rubber is considered to
be a significant economic plant in Thailand for its number one producer and exporter of natural
rubber in the world. Natural rubber in latex form was high compatibility with asphalt emulsion.
The purpose of this study is to elucidate the feasibility on using pre-vulcanized natural rubber
latex as an admixture for asphalt emulsion in order to improve thermal stability and useful
mechanical properties of the asphalt emulsion. The crosslink density of pre-vulcanized natural
rubber latex was determined by swell ratio. The effect of vulcanizing agent on residue
properties of modified asphalt emulsions was studied. The morphology properties of the
modified asphalt were also investigated by using an optical microscope. The mechanical and
physical properties of the dried asphalt emulsion were very well modified by the vulcanized
rubber phase. The residue properties of modified asphalt with natural rubber and
pre-vulcanized natural rubber latex, including softening point and penetration was improved.
The increase in vulcanizing agent could also increase softening point. At low polymer contents,
the samples reveal the existence of dispersed polymer particles in a continuous bitumen phase,
whereas at high polymer contents a continuous polymer phase was observed. The best formula
of pre-vulcanized natural rubber latex was selected for produce the best pre-vulcanized natural
rubber latex modified asphalt emulsion and mixing design formulation of emulsified bitumen
was also investigated. It found that, pre-vulcanized natural rubber latex modified asphalt could

provide a standard asphalt emulsion and applicable for highway construction application
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CRS CSS Anionic RS Anionic SS
Asphalt 65 Asphalt 60 Asphalt 65 Asphalt 60
Tallowdiamine | 0.2 Tallow 0.6 Tall Oil 0.3 Ethoxylated | 0.5
diquaternary nonyl
ammonium phenol
Hydrochloric | 0.15 chloride Sodium 0.2 Lignins 0.5
acid, 35% hydroxide
Soap pH 1.5-2.5 | Soap pH 3-7 SoappH | 11-12 | Soap pH 10-12
Water to 100 | Water to 100 | Water to 100 | Water to 100

A 9 =] Aaov A o a
MTNN 2 Tﬂ3\‘]@151\1‘1/]NLﬂiJ“ll@\Ti)ﬂJﬁ“IfVlV‘I!@@ﬁ‘]JN%uﬂ (8]

Lipothilic Head  Group | Head  Group
Head Group Counterion

Portion Charge, pH 2 Charge, pH 11

Tallowalkyl- [-NH,CH,CH,CH,NH,]" | 2CI Positive Neutral

Tallowalkyl- [-N(CH,),]" cr Positive Positive

Nonylphenyl- [-O(CH,CH,0),,,H] None Neutral Nonionic

Tall oil- [-coOT Na' Neutral Negative

Alkylbenzene [-SO,] Na' Negative Negative

a v o

pyumMAvDIIINzAvsdNatu Tagna lazlivunaeglugie 0.1-20 luasou s

g :’ Adaow a J @ A
ﬂ'ﬁZ%18@]'J(’UfNEJNﬁJgﬂfJEliuunﬂiJ@ﬂJﬁ“b’VlV‘I!@@ﬁL!ﬁﬂﬂﬂﬁzﬂﬂ 5




16

micron

—T T T T T . T T r
ar g2 o4 1 2 4 8 0 T X 00 200

519 5 HAAIANHAUZUATNTNIENUAIVDIBDUNASINEADE 11819 ADEDI AT

U q

[

o Av o A s A o Y a o Aa
NIMYNUSONDYDUATY UL ﬁqﬂi%ﬁﬂﬂlWﬂ “I/lﬂ‘l’ilﬂﬂﬂﬁﬂizmﬂ@?ﬂﬂﬂmﬁm\mz

oy 1 1 3 o 1 <
ﬁi’]ﬂcluunlﬁgﬁlﬁaﬂiﬂ']Wﬁﬂﬂ'ﬁNﬁll NITUUAN 5')3\Iﬁﬂﬂ'ﬁlﬂlﬁﬂ‘kﬂ E)Emlliﬂmmnmmﬂ

v
v o A

a dg' o k) = A 1 v Ao 1 Aav o
a%uwmﬂmumﬂgﬂmma"lﬂmﬂuamnﬂ”lummzﬁu flavenunane 1 uzAoDN ATy

wa = a g ¥
1. ’L’fllU@]Tl'l\i!ﬂllllﬂ$ﬂiﬂ'lﬂ!ﬂ'l\1ﬂ$@]f]EJ‘VII“B
a a auv A 4
2. HUA uazﬂimmmmanam"lwgaai
a [ a @ IS
3. @ANENITHAA LB UMYV ANVAU uamiuﬁau Lﬂuéfu
Y o 9 auv A J a g ¥
4, ﬂ'ﬂlllell']ﬂu"lﬂ"ll'ﬂ\w']\iﬂgﬁﬂﬂ @na%"lvxlmm L!E’IZW@QL‘JJE]TVI%H
5. MsAuLAIraoU

6. FUAVDUATOINAY ardIa UM laaIuna

stabilizer acid emulsifier

asphait emulsion

batch soap

tank I_AN\_' water inlet

c-®

colloid
mil

710 6 uaasdnbazveIMIHARE Nz ADYN A% Tae 14 Colloid mill [8]



17

v @

9y A Y a A
ﬂlﬂﬂﬂl@ﬂﬂ?ii%ﬂ?\iugﬁ@ﬂﬂ AYUAD

= d‘ 9 a
Nanmean s 1sgungiga

—

2. ﬁﬂWiﬂﬁgﬂ']fJﬁ'Jsllﬂ\iﬂ']QiJgﬂﬂﬂ@fj']\iﬁfl'llﬁll@
o [~ 4
3. ﬁ']ll"lﬁﬂﬂT‘Viuﬂnﬁ’]clUﬂ”ISLLGINW'JIIQ

4. USulgautiamsamnz 1ade

2.5 MSUANAIUAZMILUNA (Breaking and Curing) [6]

2.5.1 MSUANA?

Av o o Y A 3 Y 1 U :l/ g} 9
gnanzaosdiaruziminnduallszanuszrinananula  vaziiuieedes
Y Y
wen@leennlavesenauzassuaziingszme il MsuenAITEHNNhNUeINzaos 1y
[ dyd U Y . ) av o Y o 4
anpzHFenIT MsuANAY (Breaking) lumsihenauzaesotatuld1sluavudnvauzives
~ o =~ qgj Y a a Ia v o a v A A A X

lsn3auatazFaluRNanIzHan 1o a T INAMIUANA UFUATIND1INLADBDN AT
Furaensyiadue 1wy WiasunIerIauy M3 lsueu lesstinuazuanlessiinyiianed)
<4 [ 1 < a
50azApA11UNANN AR DBIVDIBINLADHVULIATINILINANTIANIZ A

4
Usingmssima luiuad

o v Ao o a 1 o 9 Ao o A :’ Yo d’ﬂl 9

dmsvdiaturianedin nalnidwgfeomsszmevenil v ldnunundelds

a I~ = 9 Ja o a A v 9 1 Av o a

nanluwauuazyiavuiiunany sasslgaiarusialinmsuandin  drudiasusila
1 v I =) Y] z & = 9y = Y] 9
NOAII529E UM IUANAIFUNINN 1Y THHHIDIHIN a0 TH1

2.5.2 MIUNA

1 LY . [y vAa A o o
MIUNAI  (Curing)  wIeDe  MIWaInaauiATINavewealaddudna

9
9 A W A 1

" A d A 1 v A 2 o Y A Y
gameAe L1 nlouurHuilay NEamzeddeieraiminngalszauuiasiulioy
a o o3 vy ' < o o ¢ o 9 9}3/ '
imzaanuiunguioued sy dimsulsngmsaiaui Sulludesliiszimesonadia
9
r'd A v W v v a ] [ o
auyyIsilazeLNInvD Nz ARERaT NI RN IRz BaaauIa IKimMzegAiy 1hezgn
Y
via 11 Taomsszimonas Tasanua uINMIUADA TIUNINTAAFUVDINIATINAIY

J o Y 3 ) aa 1Y
ﬂﬁﬁglfﬂEJGU’E'J\1‘LlTd'm15i]ﬂﬁ8‘VI1]‘1@15?]&5]l,i3ﬂ181@ﬁﬂ13$qmﬂﬂﬂﬁlﬂm1$ﬁh Lmaﬂu

U

A A

A dy Ao o 9y 3 9 = 3| ' Voo A
ﬁm’;mumm%uqa UHHUA Wﬁ@llﬁ»]u@]ﬂ’ﬂﬁﬂzl‘]f\ﬂumﬂuﬂﬂﬂﬂzlﬂuq‘ﬂﬁiiﬂ@]f]ﬂ'li’ﬂll@n‘ﬂ
4 9 av o a 1T o a " v 9 o 1
N P RFAa ] Lﬁa%mmzmﬂam%umuﬂﬂmeﬂWﬂmmawu@ﬂamﬂfﬂumimmuwﬁu
) [ a 9y d'dy < 9 A
’ﬁ'l’l’ii'U“JJ,N'Jﬂuua'lﬂﬁl'lﬁﬂ]ﬁi“]fuf]ﬁiﬂﬂﬂ%umﬂ“Ll’E'JﬂLWﬂﬂﬁWNﬁgﬂ’Jﬂiuﬂigﬂ’Juﬂ1§NﬁiJ uae

4
INA0Y MIUNAIVIBNNZADID AT UTTANER I d U IR Teg UM TEIMeLAz NS AATN

U U



*y %*
o W&m"

contactofemulsion  adsorption of ‘free’ electrophoresis coagulation/spreading
with aggregate emulsifier of droplets to over surface
surface

gﬂ 7 waaana lnmsuandIve I AR AT uie dufa T UNIaT I [8]
4 d‘d [ @ [ @ Av v A
0471521952 MSNHNAADMTUANA AL NTUNAIVDII NN ADED I AT U
Y
faao 11/l
= d‘d a 1 ] U [ =< 31
1. MIYATY WIATINNTFHIY AINSIVUTVIL 9 FIBLTINTNBAI 1AINIIATNII
MNONATU
Ay d‘d Ay ] o A 1
2. ANUFUVRINIATIN WIaTINNAenFUITIIeSIeANNFEAIN luMITIAR UL
=\ 9 o Y T v 9 A
Juur Ty lvnszurumsnealtiac lasmssinnar lumsszive
Aa a g < 1w :l
3. AMNYUIMA guKNl ANUFY tazANUEIAN THAABOATINTTLIHEVEN
9 Av A 4 l:l Y a v a3 ~
M3dheesnyedtas lWioos wazmslarioenld msuanainazina laisan

@ =) a Yo o Y v PR
angigann luilwiiuasaiiviria lasumsiaunldamnsonanda laso

aungifIAIe

=), O

4.11595308 ANUAUNMIVASA IABTOLAZIINMTUANUDE1IHS) 1INNTITIT
v

wyeduihesnnndiunauiaz eI d kB Uy wazadesnin
4 da dad da . DA -

5. MUNRY 13 WALAUNAINNNI TABIRNIZDE1NBIININYIATINALIDEAIAS
W03 aNINILFIBTINIUANAIVDIBNULADBD N T

= a 9y 9 AAa [ 9 9

6. AMMANVOINY  ANUANTUVDITZINHIVEWIBIINAUANUTNTUVB T2
ddiad lleestreiiusasimsnedi laemmizesasdmsuuan looadin
Siadu  unaFenleseunazuuniiFenlesen feduuitveunasmaunsa
o Aaan =) A Aauv A o a 9
mignsewazaaadosnnon losstinolad Iioesueriiala

7.9uugNvesdNatutazyIaTIN edlatuuazuiasulguugidiagriinams
GRLe!

a a Aav A 4 2K A d‘ Y a
8.Gnuﬂuazﬂsmmmmamﬂﬂmai ayaausaasddInlglunswan



19

4 (v A a d
2.6 enanzavelSulysaniifaanedmies (Polymer Emulsified Bitumen)
A a s g 1A A 1 oy 4 [
mamuneameIsuiluaelgnimireluanads 9  avlunedailandnsosi
[ [ a { [ a 4 ] A
Ysuilgaszaumsldanld Aamig (Pavement) NSulgedenedmesaztiomiy mIdiumu
ANAT09a0 (Rutting) HAZMIUAN31IIAANNTOU (Thermal cracking) HazaAANMFEHNY
Y v 1
NAANUHA (Fatigue damage) N13INATY (Stripping) uazmﬁLﬂaﬂuuﬂmgﬁmmﬂqmwgu
e Y] ~ Y] Y a 4 . . 9
(Temperature susceptibility) flsed 1u“VI‘]Ji‘]J‘]J§\1ﬂ’JEJW’EJm3J€Ji (Polymer modified binders) 1%
Y a Ay [ g’ ] [} A A ] a
aldalunsnafdesiuiminnn Wy nMaweniinmiesasuuy guwiu uazye
[ oy Y] a A W 9 @ 9 =) a =)
asviatimin weawesninldlumsdsulgennauzaenlsznondis alau-iag ladu-
a'lasu(sBS) e9alasu-17az 1adU(SBR) 19535u1A ehau hilaszdiaa (EVA) wode
Aas A o % A (o 9 a sa A YA dy % o
nau wagdu 9 anwazvesmlszaunliulssdienedwesimiou latialudanguy

(Elastic recovery) MAUTTA (Viscosity) A338A1i e 11A09 (Cohesive strength) tagA

Y
@ A 1 g

=2 A . £ a . . A £ 9
N1TANYA (DuCtlllty) UINVU 9NTNNUNIIADDUN (Softenlng pomt) INNNNUVUAY [9]

Q

Y A

9 a s A o [ OZ o I Y ~
ﬂWiGlGD'W?JaLlI’f)iLW’E)'ﬂTHLH‘ﬂ‘]Jﬁ‘]JTJiq\‘]ﬁ'iJUﬂﬂ]ﬂﬂgﬁﬂﬂﬂTGlﬁllﬂﬂ%‘]iJgﬂﬂEJ‘VI

9 =& A 1 dyd? o a A 9 a a J
UAIMNMUAIATUADINIT Glf\iﬁil‘]J@]LWa'lu“UUﬂUGHuﬂ‘U@QfJNiJ%G]’E)EJ“VIGl“D' FUAVDINDANDT TNIIT

o a J o 1 I
Tumsway uazanudniuld (Compatibility) Yeawedwesnuewzase oea lsnansldne

' v
AA o

a o o vAa DY o w ] o A a o I o
a3 lumssulyeauifeaugasslvedinaruny osanwoame s uasnitimiin
1 o [l [ 09)1 =2 & A ~ a ‘g ¥ Y o I dy
TuaNad N Ue1INzABYI0E1NNIN AdTuINTTeIeInNazHaunoames Id1fwiluiie
RednveanzaoeIae liih ldinanisuenignia (Phase separation) [9]
= A a A [ 9 =~ a
X. Lu 1182 U. Isacsson [10] Anmantiams lvavesdpuunisulysdiealasu-i
= a 4 = = A Y I a a
1nz ladu Tawedmes (SBS) Fuassunininsesndnluieanaaes Tagldbyguu 5 xiian 4
' a { (a a Jd 1 [ va
uvasndauazaaunlsnanediuesaie q du auianislvansivaeu Taeld Dynamic
{ a i [ v a a 4 1 A
mechanical analysis NQMUYULAZAIINDAN ) AU NUTMIAUNDANLDT SBS FIGNUAIY
danguuoIAlszay (Binder elasticity) Ngangiige uazliulgennudanguldvedn

a

Uszenu (Binder flexibility) Nguvngial msUsuilgalae sBs ldanuieslneguugi

u
k4

a 1 [l < va A 1 a 1 9 [ ~ [ [
Yol Puuanas uaed1s lsnamantadd iawnsolszdua lavindulsiiesaufon szay
[ [ o d v vAa Y d! ~ a
YoIm3Usul ez duiusivauians Inavesdrdszenuguldounlasnnguugid uaz
v Y v
ANND LaZIUBYAULNAITIU mmmmﬁumuuazwaama{
Xiaohu Lu itae Ulf Isacsson [11] 1383 Polymer modified bitumens Tagmswe Nﬁ‘l{]‘
@ o a 1 a o A =~ a = a 4 =~ an
WUAUMBS Iunaadnarianuae alasu-1iaz ladu Taneawes (SBS) a'lasu-tonau-

=Y

a = = a J Aas a a Al A A
mmu—ﬁllmu Tanoaues (SEBS) Lamu"lauaazcmm (EVA) uamamummaaz”lﬂizaﬂ



20

Y
(EBA) Tagfnmauaiiug v e anvazodmsiu (Morphology) anvaiems Ina (Rheology)
1 <3 1 % 1% A
1A MIUN (Ageing) HamMInaaoaaasliiviun anvaveduguuazauiams lvavesas
1 ] a A [ a a o a
UszensSulgaudaiianinann dnvazmmz vazlSuaveanedwes uazsssuyIAUDS
a d' a o d‘ 1 d‘ a o’d' a a 4 vAa
Uy etiaigmanaeiiiotoinodmesniFunamedmesge q sz 6%) auilians
dzg v 3 Y v va o 1 dg/ o a a 4
Tvavesansiszaudvusaraniulava AUIAYAINMTUVNIUN VB UAVDINDAINDT
1 A { 1 ] 5 [ [ J o a a U a
dyuunnauiians lvavzndounlasszrniumsiy - Fduiusiumsinaoendiaduyeaii
U NTOMIANEFIVINDANDT
.. = = Y o 9 ~
Haiying Fu uazamiz [12] Appuadessmimuazanudnny lavesenauzaoei
L% { 4 ¥ )
U5u1l53de SBS uaz SBS Mieudisuousmes (Methacrylic acid) 1130 SBS-g-M WUIIN3
a = o A ~ < ° Y] = @ 9 ~
Ay SBS-g-M  Uszaumskauninavysainn  ildasdsganiiszaums ldaun

A A

4
amwnuﬁmﬁu u,a:ﬁmmmﬂmaqmﬂgmﬂm

Q U U

'
a =}

av 1 @ a £ {
\‘Iﬂ!')i]flﬁ'?]‘lﬂﬂﬂﬂﬂWﬁ'iJWﬂatiJ’f]iﬂ‘UEJNN%G]’EJEJﬁQﬂJWﬂMﬁQ LW®1ﬁ81QN$ﬁ®ﬂ!La$W®

a Jd a v Y o 9 ] 1 3 9 a I (v
dwesinamsnasuvaduaznszeauiniuls  uaed1 lsnamms lswedwesUsuilgeea
Y
wzaveluglunveuzaseidaiitiosnn LE. Chavez-Valencia tazame [13] USuilgeenauz
< a [~

ADYNANITUNTD Cold-mix asphalt (CMA) %a UiJG]’JL‘i’J‘]JizﬂU’Jﬂ (Cationic quick set

emulsified asphalt) Iagmsiauned NilassFnndtiadu (Polyvinyl acetate emulsion ) FINU I
a a a [ 1 1 a 4

ayumavia luTaswasveaned hilaozFaansza1eared19aeg ueuzAvELNNT NS LAz

1 2 . Q' d? tﬂ' = % ti' =t %

AMTINADA (Compressive strengths) MNIU3 1% 1HotReunUs1INzaoeh ilinTsuilg

a

a g o A Y (v A
pusssunatiuiagauntlulsema  vazausalwlsulyeaniifvessanzaoe

Q

Y v
Wla Taelins1ldensyianis o wu 19w e19fiduneg1l (Vulcanized) taz hirunmsnagy
Y [
(Unvulcanized) aapadnihieny wwauiveuzaoy tazAnu3smsneay Usuaimunzdy
v | ! < ' a a
uazauiAveteuzaosinlasunilag HANINABDIAA IRIAUIINMTIANGNFTTUIA

v
a o

Y
o <3 1A ' o v Y 1
Swuwdndeslimundn 5% hldeuzeeslignaoudrgain numuaeguvgigazd
& o o W ) yw A 4 1 ]
Cd]);\uﬂuﬁﬁllﬁﬂﬁqﬂﬂluﬁllﬂﬂﬂ'ﬁﬂﬂi‘ﬂ uaﬂmﬂﬁmmuﬂ‘mmwﬁu q YU ﬂ'ﬂll!fﬂﬁfl? AIULUUY
9

AMNAIR AnmBangu mstamziuiaauiu laaiu sanmsnaasslumsainnuusioan
mMsuanin Msuan msasnuazmstdegyd damanuesen 2.5 % laoimninildouu

dg’ U @ o W Y A a ~q ¥
NUMUIU  40-50% Tﬂ&lﬂi]ﬂilﬁWﬂthHﬂﬁNﬁﬂﬂNiJ&'GlE]EJﬂ‘UEJNﬂ?J Qmﬂﬂ”ul!agnﬁ'lﬂ‘l%
o [ <] :ll g Y a a 1 { o 1 g’
'tff'n’f5U5$83L’3'§1’]1Uﬂ’]5lﬂﬂuuﬁuﬂ‘]JQﬂ!Wf;I,QJ AMINFUANNW <) cIT'I°|n!'lll'l‘]/]fs?l'L"‘Iﬁ]\1‘1/‘|'IJ'J'lclf'!'lﬂ'NlﬂdJ

a

UsecaAnFnmangauaneauen [1]



21

WifnG oAbesITUNANAZAYE (5] AmnmsAnheasssunaaddunazane
Sifaduriinlsz9ay (Anionic asphalt emulsion) ieti1U1F s mnuuanmasg LT
mavare Tagtinsanduguinewazdulsan q finadessuzacediaduie wia
wazSinaniionssssundldun hensdusiauenTuiionn (HA-Latex) wazthonaduaiia

1 < 4 a a Av A
won Tundletiny (LA-Latex) N 3.5-10 1losidudiiioenanita (%DRC) shauazlSuudiad i

D.

v

v
4 U o 1 a 2 a o
D97 ﬁnﬂﬂﬁﬁﬂ“ﬂWW‘]J’J1ﬂ1§1%u181\15ﬁ}u%3ﬂﬂ51ﬂm 5-7.5 %DRC 1ﬁ}ﬁ3J‘UG]EJN§J$¢Ii’JEJ®3Ja°]fUVI
= g} 9 z a Y Aa 9 a = v A Ay o A
f H”IEJWQ“]JHTIQQ’@QGJ)’UQGWNﬁﬂ”li‘1/]ﬂa’EN‘mJLluﬁiuﬂjuﬂﬂ%NLﬂﬂ’Jﬂuﬂ@ YNUTADYDUATUY
' v ' '
ANUnile INTMSTY 9A00UAT LazANUAUANNNAIY uas DTN Iwanas oMyl

Y ]
MENTITUIA NUNANNAEATAGIgAlOIANENTITUTIA 7.5 %

2.7 m3lensazaeenliullysaaiifaseenasssun@lulszmalne

va Y

£% = 3 :’ 3
Pogtiuszma InelimsWaneanzaseilasnislsuljeauiiaalvens

a ~ a R 9 a dyl as a Aa
FITUPIALALITENAINT I B 19U AeFANI1 ITNMITNIVAINNUULINIHa0TFa (Para

Slurry Seal)
ad a lﬂ‘d
IFTNINVNIMINVUNIataDIsa (Para Slurry Seal) ﬂ13~13»lﬂ51§"|1—! DH-S
415-46
A I ax a a =& £ 9 4
WWi’]ﬁLa@ﬁcﬁﬁlﬂuTﬁﬂ’]ﬁﬂ’lﬂﬂ?ﬂ’l\?ﬂfuﬂﬁu\i Gﬁﬂﬂigﬂﬂﬂﬂﬁﬂw13“!ﬂﬁ‘mﬁﬁ
91a%u (Para Asphalt Emulsion) 438394 (Aggregate) %f?fﬂmeL!,‘VI‘iﬂ (Mineral Filler) 1ag a3

A .. A o < ] Ya =~ [ a 9 1 A [l
WEUINY (Additive) UaNHUSLUULTY m&flwmmmmmmwuq& ﬁﬂ‘Hﬂ‘!gWﬁﬁu']thﬂu NnUAd

{ a ] 2’ 1 a <3
ﬂ1§Llf]Jilﬂaﬂuﬂlﬂﬂﬂuﬁ’lﬂ’]ﬂ’]ﬁuﬁgﬂﬂﬁﬂuu’lfﬁﬂ Gluﬂ’]ﬁﬂﬂﬁ%’]ﬂﬁ’]u’]ﬁﬂ!ﬂ@ﬂ'lﬁﬂﬁ'mivlﬁiﬂﬂli'l

=< ) o dy A Y o 1 9 o o i< o’/’ a Aa 1 Y
%QLﬁMT%ﬁWﬁiUWHWﬂ@ﬁﬁ'I\WI'JllTJLLﬁng"IuGIﬂJGKu GlGlfﬁ'WﬂﬁUﬂ']UL‘]Ju“D'UN'JTnQ m"lwamﬂ 8

4 9 ~ 1 Y 1A 1 A o Y
%ﬁﬂ’izmﬂﬂ"l'iﬁlclmu‘m!,ﬁﬂmﬂﬂu"thvaLm%u@ﬂlmmuw’dnﬂumﬂ%

=

aq

'
g =

Jera® HFdumaiaeidailszneuda

ueailad voailadildaewisweailassiasuiiiy Polymer Modified
Asphalt Emulsion ¥H#a Quick Set Fanantannnueailadsiaduriia Css-1 wie CSS-1h
HAUAUBNEITNHIA  (Natural Rubber IAglu,WeIy a.-n. 405 “Specification for

Elastomeric Modified Asphalt Emulsion” AIA15199 3



22

A15199N 3 LaAAd Specification for Elastomeric Modified Asphalt Emulsion #14N191331U

DH-SP.405/2538

Item Elastomeric Modified
No. Unit CSS-1 or CSS-1h
Properties (Quick set) Test Method
Minimum | Maximum
Test on Emulsion

1. Viscosity, Saybolt Furol at 25 C Sec. 20 100 DH-T. 407
2. Settlement 7 Days* % Wt. - 15 ASTM D 244
3. Storage Stability Test, 24 hrs** % Wt. - 1.5 ASTM D 244
4, Sieve Test (Retained on 20 Mesh) % Wit. - 0.1 ASTM D 244
5. Particle Charge Test - Positive ASTM D 244
6. Asphalt Content by Evaporation % Wt. 60 - ASTM D 244
7. Solid Polymer Content % Wt. 3.5 - ASTM D 244

Test on Residue

8. Softening point °C 60 - ASTM D 36
9. | Elastic Recovery % 30 - NLT 329/91
10. | Penetration, 25 °C, 100 g, 5 sec 0.1mm. 40 100 DH-T 403

11. | Ductitlity at 25 °C, 5 cm/min cm. 40 - DH-T405

12. | Solubility in Trichoroethylene % Wt. 97.5 - DH-T 409

1R * MINAABY settlement 0198031 1401 19 Taqnaly 7 Ty
Y VYV o a £ g 9
< mynadevonneniu ldiriaguaniuldnihauin (1A §IMASTM D 2397-
94) Fagamsneensu 1At HIUNIATIIM ASTM D 1664 “Standard Test Method
Coating and Stripping-mixture”

++% §19949 National Laboratory of Transportation Madrid, Spain.
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Full name Abbreviations M n R R’ I or S*
Zinc ZDMC, Zinc(ID) -CH3 -CH3
dimethyldithiocarbamate ZDMDC
Zinc ZDC, ZDEDC  Zinc(II) -CH,CH, -CH,CH,
diethyldithiocarbamate
Zinc ZDB, ZDBDC  Zinc(Il) -CH,CH,CH,CH,  -CH,CH,CH,CH,
di-n-butyldithiocarbamate
Zinc ZEPC, ZEPDC  Zinc(II) -CH,CH, -C H,
ethyphenyldithiocarbamate
Zinc dibenzylthiocarbamate ~ZBEC,ZDBEC  Zinc(II) -CH, -C H,
Zine ZPD, ZPMDC  Zinc(Il) |
CH, CH
pentamethylenedithiocarba | 2 | 2
H,C CH
mate N 2
H,
Zinc 7L, ZLDC Zine(IT)
CH(CH3) CH(CH3)
lupetidinedithiocarbamate he
2 \C /CH2
H,
Sodium SDEC Sodium -CH,CH, -CH,CH,
diethydithiocarmate @
Sodium pentamethylene- SPMC, Sodium
CH, CH
dithiocarbamate SPMDC @ | 2 | 2
H,C CH
N2
C
H,
Piperidinium PPD, PPMDC /:2
H,C \CHz CH, CH,
pentamethylene- Wb | |
2 CH,
" o HCCHy
dithiocarbamate H, C
H,

*I=Insoluble in water, S=Soluble in water
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1 Y
M13197 6 uaaalsmnaaisailuiesssuinanagigas PVNR 1-10

Formula ZnO (phr) | ZDEC (phr) | ZMBT (phr) | Sulphur (phr)
PVNR 1 1 1 - 1
PVNR 2 1 1 - 2
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NR - - - - - 40.20 56.00
PVNR 1 2 2 - 2 9.03 39.30 60.00
PVNR 2 2 2 - 4 11.49 41.38 55.00
PVNR 3 4 2 - 2 8.87 42.70 55.00
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PVNR 5 2 1 1 2 6.38 43.13 57.00
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PVNR 10 4 4 - 1 11.30 37.86 57.50
5% PVNR 1 30.64 66.75
unmodified Asphalt emulsion 46.40 48.00
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Sample | Sample Specification

No.A No.G | TIS. 2157-2547

Test on emulsion

1. Furol Viscosity at 50 °C, sec 21 12 20-100
2. Settlement 5 days, %wt 24 66.2 7.5 Max.
3. Storage Stability 24 hrs, %wt 0.0 43.0 1.5 Max
4. Sieve Test (Ret. on No. 20 mesh), %owt 0.01 0.01 0.1 Max.
5. Partical Charge Test Positive | Positive Positive
6. Demulsibility Test, %owt 6.0 1.9 40 Min.
7. Residue from Distillation, %wt 60.0 57.5 60 Min.
7.1 Oil Distillate, %wt 1 1 3 Max.

Test on residue (after evaporation)
8. Softening point, Ring and Ball, °C 53.1 56.1 50 Min.
9. Elastic Recovery at 25 °C, 10 cm, % 25 20 20 Min.

10. Toughness and Tenacity, 25 °C, 50 cm/ min.

Toughness, kg.cm 14 28 40 Min.

Tenacity, kg.cm 5 14 20 Min.
11. Penetration at 25 °C, 100 g, 5 sec, 0.1 mm 60 49 60-120
12. Ductility at 13 °C, 5 cm/min., cm 3.5 * 40 Min.
13. Solubility in toluene, % wt 100 100 97.5 Min.

HUYLYE : * Sample No. G liansonaeeu Ductility
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AMNTUVNUN (WON. 2157-2547) 1A CRS-1P AT A azgas 3PA

Sample | Sample Specification

No.A No.3PA | TIS. 2157-2547

Test on emulsion

1. Furol Viscosity at 50 °C, sec 21 26 20-100
2. Settlement 5 days, %wt 24 1.6 7.5 Max.
3. Storage Stability 24 hrs, %wt 0.0 1.2 1.5 Max
4. Sieve Test (Ret. on No. 20 mesh), Yowt 0.01 0.00 0.1 Max.
5. Partical Charge Test Positive | Positive Positive
6. Demulsibility Test, %owt 6.0 61.1 40 Min.
7. Residue from Distillation, %wt 60.0 61.0 60 Min.
7.1 Oil Distillate, %wt 1 1 3 Max.

Test on residue (after evaporation)
8. Softening point, Ring and Ball, °C 53.1 58.7 50 Min.
9. Elastic Recovery at 25 °C, 10 cm, % 25 57 20 Min.

10. Toughness and Tenacity, 25 °C, 50 cm/ min.

Toughness, kg.cm 14 30 40 Min.

Tenacity, kg.cm 5 2 20 Min.
11. Penetration at 25 °C, 100 g, 5 sec, 0.1 mm 60 45 60-120
12. Ductility at 13 °C, 5 cm/min., cm 3.5 3 40 Min.
13. Solubility in toluene, % wt 100.0 100.0 97.5 Min.
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A IUNMIHANVDIINNEADEDN ATUNULIATIN

Bitumen | CTAB | Oleylamine | Gernamin | CaCl, | HCl | Antifoam | PVNR Mixing
Formula | (%wt) | (%wt) (Yowt) (Yowt) (%owt) | (%wt) | (%)wt | (%DRC) | time (min.)

1 60 1 - - - 0.5 0.04 3 30:00
2 60 0.75 - - - 0.5 0.04 3 15:00
3 60 0.5 - - - 0.5 0.04 3 4:00
4 60 1 - - - 0.5 0.04 5 15:00
5 60 0.75 - - 0.2 0.5 0.04 3 12:00
6 60 0.75 0.2 - 0.5 0.04 3 4:30
7 60 0.75 0.2 - 0.2 0.5 0.04 3 1:55
8 60 0.75 0.2 - 0.5 0.5 0.04 3 1:25
9 60 0.75 - 0.2 0.2 0.5 0.04 3 2:05
10 60 - 1 1 - 0.5 0.04 3 *
11 60 0.75 0.5 - - 0.5 0.04 5 1:40
12 60 0.5 0.5 - - 0.5 0.04 5 *
13 60 0.5 0.75 - - 0.5 0.04 5 *
14 60 0.75 - 0.5 - 0.5 0.04 5 1:45
15 60 0.75 - 0.5 0.2 0.5 0.04 5 1:00
16 60 0.75 - 0.5 - 0.5 0.2 5 2:28
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HCl 0.50 0.50 0.50 0.50
Antifoam 0.20 0.20 0.20 0.20
Ca(Cl, 0.20 0.20 0.20 0.20
NRL(%DRC) - 3.0 - -
PVNRL (%DRC) - - 3.0 5.0
Water 37.85 34.85 34.85 32.85
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Wet track abrasion Hudeq liu1nnan 500 g/m Iﬂﬂg‘ﬂ‘ﬂ 38 HAAITUNUN 1FNAToU Wet track
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Abstract. Asphalt emulsion is manufactured by emulsification of asphalt, and it 1s an energy-saving,

ecologically safe material because it does not need any heating processes which can emit gas and
fire hazard in its use. The purpose of this study is to elucidate the feasibility on using pre-vuleanized
natural rubber latex as an admixture for asphalt emulsion in order to improve thermal stability and
useful mechanical properties of the asphalt emulsion. The crosslink density was determined by
swell ratio. The effect of vuleanizing agent on residue properties of modified asphalt emulsions was
studied. The morphology properties of the modified asphalt were also investigated by using an
optical microscope. The results showed that asphalt emulsion which was modified using pre-
vuleanized NR latex could provide a standard asphalt emulsion and applicable for highway
construction application. The mechanical and physical properties of the dried asphalt emulsion were
also very well modified by the vulcanized rubber phase. The residue properties of modified asphalt
with natural rubber and pre-vulecanized natural rubber latex, including softening point and
penetration was improved. The increase in vulcanizing agent could also increase softening point. At
low polymer contents, the samples reveal the existence of dispersed polymer particles in a
continuous bitumen phase, whereas at high polymer contents a continuous polymer phase was
observed.

Introduction

Asphalt has been widely used in road pavement as the binder of aggregate. Unfortunately.,
high-temperature rutting and low temperature cracking of asphalt or coating layer, due to severe
temperature susceptibility, limit its further application. The addition of polymer, chain of repeated
small molecules, to asphalt has been shown to improve performance. Pavement with modification
exhibited greater resistance to rutting and thermal eracking and decreased fatigue damage stripping
and temperature susceptibility. Polymers that have been used to modify asphalt include styrene—
butadiene—styrene (SBS), styrene—butadiene rubber (SBR), rubber, ethylene vinyl acetate (EVA),
polyethylene, and others. Desirable characteristics of polymer modified binders include greater
elastic recovery, a higher softening point, greater viscosity, greater cohesive strength and greater
duetility [1]. Many attempts [2] have been tried to modify the rubber for this aspect nonetheless the
improvement on asphalt is still needed to carry on.

A number of researchers have modified asphalt in order to prepare hot-mix asphalt and there
1s little work about the modification of emulsions used in cold-mix asphalt (CMA) or asphalt
emulsion, which it is an energy-saving, ecologically safe material because it does not need any
heating processes creating gas emission and fire hazard in its use. Therefore, in this research,
emulsified asphalt binder was modified with pre-vulcanized natural rubber latex to prepare cold-
mix asphalt [3]. The purpose of this study is to elucidate the feasibility on using pre-vuleanized
natural rubber latex as an admixture for asphalt emulsion in order to improve thermal stability and
useful mechanical properties of the asphalt emulsion.

All rights reserved. Mo part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of the
publizher: Trans Tech Publications Ltd, Switzerand, waw._ttp.net. {ID: 202 44 135.24-16/02/10,05:38:21)
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Materials and method:

Bitumen penetration 60/70 grade was use as base material for polymer asphalt emulsion.
Commercial high ammonia Natural Rubber Latex (NRL) with the dried rubber content (DRC) of
60% was used in our work.

The preparation of prevulcanized natural rubber latex (PVNR): NRL, containing 60% DRC, of
167 g was stabilized with Igepal CO 890 and then mixed with vulcanizing agent, i.e. zinc oxide
(ZnO) as an activator, zinc diethydithiocarbamate (ZDEC) as accelerator, zine 2-
mercaptobenzothiazole (ZMBT) as an accelerator in some case and Sulphur dispersion with
continuous stirring using mechanieal stirrer at room temperature for 48 h to obtain pre-vuleanized
natural rubber latex (PVNR). The formulation of PVNR formulae examined in this study is shown
in Table 1. PVNR were then characterized to obtain %DRC and swell ratio (swell ratio = W1/ Wo:
Wy is designated as initial weight and Wy is the weight of the sample after toluene uptake). The
same test method also carried out for NRL before mixing in order to reference and compare with
PVNR.

The preparation of asphalt emulsion: In order to prepare asphalt emulsion of 250g, 68.75 g of
water, 12.5 g of HC1 11.25 g of emulsifier were mixed in a reactor then the PVNR containing 7.5 g
of rubber was added with continuous stirring. The mixture was then transferred to the hot-melted
bitumen, at 120 °C, which was pre-measured to obtain 150 g bitumen in modified asphalt emulsion.
Mixing with continuous stirring at 1800 rpm was continued at 80 °C for 30 min to obtained polymer
modified asphalt emulsion. The polymer modified asphalt emulsion was characterized by casting
film and air dried to obtain the dried film. The properties film of polymer modified asphalt
emulsion such as softening point and penetration were measured in accordance with ASTM D36
and DS, respectively. Morphology of polymer modified asphalt emulsion film was also investigated
using an optical microscope. The modified asphalt emulsion was also prepared using colloid mill at
2000 rpm which composed of Bitumen 60% w/w, HCI 0.5% w/w, emulsifier 1.5 % w/w, water and
3% DRC from PVNR 1 (stated as 3PA in Table 2). The modified asphalt emulsion prepared using
colloid mill was characterized according to TIS 2157-2547 standard of department of Highway.
Unmodified asphalt emulsion with the same composition (stated as A in Table 2) prepared by
colloid mill was also characterized.

Result and discussion:

The crosslink density of pre-vuleanized natural rubber was represented by swell ratio (Table
1.). In order to compare the efficiency of the accelerators used, formulation PVNR 1 and PVNR 8
are considered. It was found that PVNR 8 showed lower swell ratio than the other. However, the
efficient curing reaction giving rise to over crosslink density, at least for this case, and led to phase
separation of rubber from bitumen. This lowered the softening point of the dried bitumen. The swell
ratio also decreased with the content of vulcanizing agent (PVNR 5-7). As a result, all the additives
affect crosslink density in the dried rubber. However, the useful parameters considered are also
penetration and softening point. Penetration and softening point of unmeodified asphalt were
46.42*%0.1 mm and 48 °C. After NR or PVNR addition, the penetration was decreased and softening
point was inereased. As it has been known that polymer posses better elasticity than other materials.
in particular crosslinked rubber, therefore NR and PVNR enhance both properties of the bitumen.
The inerease in vuleanizing agent could also increase softening point (PVNR 5-7), as indicated.
Modified asphalt, formulae: PVNR 1, PVNR 4, PVNR 6 and PVNR 7 showed high softening point
(60. 61, 60 and 64 respectively). This could be due to high crosslink density and good dispersion of
polymer in continuous bitumen phase as can be seen from optical micrographs in Figure 1.

PVNR 9 shown in Fig. 1 exhibits distinet separation of rubber particle from continuous
bitumen phase, according with the result of penetration and softening point that were inferior to
those of NR.
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Tablel. Formula of PVNRL, Swell ratio of all PVNR and Penetration and softening point from residue of
Iymer modified asphalt emulsion that prepared in batch reactor
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50% 50% 50% | 50% Swell | Penetration

Formula Zn0 | ZDEC | ZMBT S ratio (*0.1mm) Softening point (°C)
NR - - - - - 40.20 56.00
PVNR 1 2 2 - 2 9.03 3930 60.00
PVNR 2 2 2 - 4 1149 41.38 55.00
PVNE 3 4 2 - 2 887 4270 55.00
PVNE 4 2 4 - 2 914 37.20 61.00
PVNE 5 1 1 - 1 11.65 39.80 57.50
PVNR 6 3 3 - 3 651 4250 60.00
PVNR 7 4 4 - 4 6.37 3183 64.00
PVNR 8 2 1 1 2 6.38 4313 57.00
PVNE. 9 4 4 - 3 10.24 36.00 55.00
PVINE 10 4 4 - 1 11.30 37.86 57.50
5% PVNER 1 30.64 66.75
unmodified Asphalt emulsion 46.40 48.00

Fig 1. Optical microscope images of residue of asphalt emulsion and modified
asphalt emulsion with different natural rubber latex at 10x

 5%PVN
This might be due to the over crosslink. From the micrographs, also reveal that PVNR1 and PVNR7
showed the well dispersion and good dried asphalt emulsion properties. However, PVNRI1
possesses a uniform dispersion and also economically applicable for the future application.
Although the 5% DRC content in modified asphalt emulsion was found to exhibit great properties
among all, the preparation in the large amount was suffered. The 3%DRC PVNR 1 modified asphalt
was then selected to manufacture modified asphalt emulsion in a colloid mill. Then the milled
modified asphalt emulsion was characterized according to TIS 2157-2547, department of Highway.
The result was shown in Table 2. Sample No. A was unmodified asphalt emulsion and Sample No.
3PA was 3% DRC PVNR 1 modified asphalt emulsion. It was found that modified asphalt
emulsion; PVNR.1, exhibited acceptable properties followed standard asphalt emulsion for high way
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applications. The demulsibility was inereased when the PVNR 1 was added due to negative charge
of NR particles. The addition of PVNR 1 that exhibits high elasticity and high thermal stability , as
a result softening point and elastic recovery were improved.
Table 2.Result of modified and unmodified asphalt emulsion prepared by colloid mill according to
Specification TIS. 2157-2547 of department of Highway

Specification
Sample No. A | Sample No.3PA | TIS. 2157-2547
Test on emulsion
1. Furol Viscosity at 50 C, sec 21 26 20-100
2. Settlement 5 days, %ewt 2.4 1.6 7.5 Max.
3. Storage Stability 24 hrs, %owt 0.0 12 1.5 Max
4. Sieve Test (Ret. on No. 20 mesh). %wt 0.01 0.00 0.1 Max.
5. Partical Charge Test Positive Positive Positive
6. Demulsibility Test, Y%ewt 6.0 61.1 40 Min.
7. Residue from Distillation, %owt 60.0 61.0 60 Min.
7.1 O1l Distillate, %owt 1 1 3 Max.
Test on residue (after evaporation)
8. Softening poimt, Ring and Ball, C 53.1 58.7 50 Min.
9. Elastic Recovery at 25 C. 10 cm, % 25 57 20 Min.
10. Toughness and Tenacity, 25 C, 50 cm/ min.
Toughness, kg.cm 14 30 40 Min.
Tenacity, kg.cm 5 2 20 Min.
11. Penetration at 25 -C, 100 g, 5 sec, 0.1 mm 60 45 60-120
12. Ductility at 13 C. 5 c/mun., cm 35 3 40 Min.
13. Solubility in toluene, % wt 100.0 100.0 97.5 Min.

Conclusion:

Pre-vuleanized rubber latex could be added to modify asphalt emulsion and improve
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properties of asphalt better than NR latex .Vulcanizing agent had an effect on properties of modified
asphalt. The inecrease in vulecanizing agent could inerease softening point. The addition 1 phr of
following additives: activator; ZnO, accerelator: ZDEC and Sulphur, PVNR1 formula was found to
give good in both mechanical and thermal properties, and also in term of economic to modified
asphalt emulsion. The result also showed that an increase in polymer content the continuous
polymer phase was observed. Moreover, PVNR1 modified asphalt emulsion could provide asphalt
emulsion that possesses acceptable properties of modified asphalt emulsion for highway
construction application.
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Pavement Properties Formulated of Asphalt Emulsion Modified by Pre-Vulcanized
Rubber Latex

S. Malithong, and C. Thongpin

Abstract— Asphalt has been widely used in road pavement as the binder of aggregate. Unfortunately, high-temperature
rutting and low temperature cracking of asphalt or coating laver, due to severe temperature susceptibility, limit its further
application. The addition of polvmer to asphalt has shown to improve its performance. Pavement with modification exhibitea
greater resistance to rutting and thermal cracking and decreased fatigue damage stripping and temperature susceptibility.
Natural rubber is considered to be a significant economic plant in Thailand for its number one producer and exporier oj
natural rubber in the world. The purpose of this study is to elucidate the feasibility on using pre-vulcanized natural rubber
latex as an admixture for asphait emulsion in order to improve thermal stability and wuseful mechanical properties of the
asphalt emulsion. It was reported from the previous work that the mechanical and phyvsical propertv of dried asphali
emulsion was well modified by the vulcanized rubber phase. This part of the work, mixing design formulation of emulsifiea
bitumen obtained in this study was elucidated. The amounts of compesitions needed for mixing design were reported. The
properties characterized according to high standard were also stated.

Keywords—Polymer modified asphalt emulsion, Natural rubber latex, Pavement application.

1. INTRODUCTION

Slurry seal or microsurfacing compositions were
applied to paved roads to form a protective coating on the
road surfaces. These compositions contain the same basic
elements- aggregate rock., water, and asphalt emulsion.
Both slurry seal and micro-surfacing composition may
contain latex polymer. Para slurry seal is one type of
slurry seal that applied to paved road in Thailand in case
of pavement with high traffic and need high strength, high
durability, high skid resistance and quick setting mixture
designed to allow traffic run in one hour. Para slurry seal
is consist of natural rubber latex modified asphalt
emulsion, aggregate, mineral filler water and other
additive. Natural rubber modified asphalt emulsion in
Para slurry seal was caused the Para slury seal pavement
had high properties. Para slurry seal is classified in type 1,
IT and IIT following gradation of aggregate, Para shury
seal type III was highest roughness.

To prepare and use s slury seal compositions, an
asphalt emulsion. aggregate rock and water was loaded in
a vehicle by mechanism that prevented their mutual
contact. The asphalt emulsion, aggregate rock and water
was mixed in situ in a spreader box while the vehicle
moved along the road and mixture was spread on the road.
After the emulsion, aggregate rock and water were mixed,
it was important that the composition flow easily and
smoothly onto the road surface being protected and
prematurely solidify. Namely, the asphalt emulsion.

S. Malithong 1s 1s with the Department of Matenals Science and
Engineening, Faculty of Engineering and Industrial Technology.
Silpakorn University, Nakom Pathom 73000, Thailand, E-mail
au_su@hotmail com
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Silpakorn University, Nakorn Pathom 73000, Thailand, E-mail:
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aggregate rock and water must be mixed well and the
mixture must have sufficient fluidity. When the mixture is
spread on the road, demulsification of asphalt emulsion
must be take place as soon as possible so that the mixture
can rapidly set up [1].

The length of time between the beginning of mixing
of slurry seal composition in the vehicle and the point in
time when emulsion breakdown take place causing the
mix become unusable was known as “mixing time”. The
mixing time was important, it must be long enough to
prevented asphalt emulsion breakdown in the vehicle but
emulsions could be breakdown in appropriately time. The
mixing time cloud be measured on small scale in
laboratory using small scale mixture of the same
component.

In this study. the mixing time of natural rubber
modified asphalt emulsion was measured on small scale in
laboratory wusing small scale mixture of the same
component. The effect of type of emulsifier, emulsifier
content and type of additive on the mixing time was
investigated by using Para slurry seal type III.

2. EXPRIMENT
Materials

High ammonium natural rubber latex 60% DRC
was used in this study. Hexadecaltrimethy ammonium
bomine (CTAB)., Oleyamine, CaCl,, Silicone antifoam
were purchased from Fukla. Gernamin TAP 100
(Gernamin) was supported by Clariant (Thailand)
Limited. Asphalt 60/70 penetration grade was supplied by
Tipco Asphalt Public company Limited. Igepal CO 890
was purchased Sigma Aldrich (USA), 50 % zinc oxide
(Zn0), 50% zinc diethydithiocarbamate (ZDEC) and 50%
Sulphur dispersion was supplied by Rubber Research
Institute of Thailand. Aggregate rock and Portland cement
were Para slurry seal type III that was supported by
Bituminous Surface Branch, Department of Highway.
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The preparation of prevulcanized natural rubber latex
(PVINR).

NRL, containing 60% DRC, of 167 g was stabilized
with 3 % DRC of Igepal CO 890 and then mixed with
vulcanizing agent, ie. 1 phr zinc oxide (ZnO) as an
activator, 1 phr zinc diethydithiocarbamate (ZDEC) as
accelerator and 1 phr Sulphur dispersion with continuous
stitring using mechanical stirrer at room temperature for
48 h to obtain pre-vulcanized natural rubber latex
(PVNR).

Asphait Emulision production

Emulsifier (Hexadecaltrimethy ammonium bomine
(CTAB), Oleyamine and Gernamin TAB 100) , water and
other additive (HCI, Silicone antifoam and CaCly) were
mixed together and were known as “soap”. The soap was
mixed with hot asphalt (120 °C) in colloid mill to make
asphalt emulsion. The formula of modified asphalt
emulsion was shown in table 1.

Table 1. The formulation of modified emulsion and its mixing time

3. RESULTS AND DISCUSSION

Asphalt emulsions are very complicated and use a lot
of chemistry to get the emulsion properties desired.
Variables in emulsion production include the base asphalt
and the type and amount of emulsifying agent. There are
two basic classifications of emulsions. anionic and
cationic. The type (chemistry) of the emulsifying agent
used determines the designation. Emulsifying agents are
the chemicals used to stabilize the emulsion and keep the
“billions and billions™ of asphalt drops separated from one
another. These compounds are large organic molecules
that have two distinct parts to them. These parts are called
the “head” and “tail.”” The “head™ portion consists of a
group of atoms that chemically have positive and negative
charge areas. These two charged areas give rise to the
head being called polar (as in poles of a magnet). Because
of this polarity, and the nature of some of the atoms in this
polar head, the head is soluble in water. The tail consists
of a long chain organic group that is not soluble in water,

Bitumen | CTAB | Oleylamine | Gernamin | CaCl, HCl Antifoam | PVNR Mixing
Formula | (%wi) (Yawt) (Yewt) (Yowt) (%ewt) | (%wt) (%)wt | (%DRC) | time (min.)

1 60 1 - - - 0.5 0.04 3 30:00
2 60 0.75 - - - 0.5 0.04 3 15:00
3 60 0.5 - - - 0.5 0.04 3 4:00
4 60 1 - - - 0.5 0.04 5 15:00
5 60 0.75 - - 0.2 0.5 0.04 3 12:00
6 60 0.75 0.2 - 0.5 0.04 3 4:30
7 60 0.75 0.2 - 0.2 0.5 0.04 3 1:55
8 60 0.75 0.2 - 0.5 0.5 0.04 3 1:25
9 60 0.75 - 0.2 0.2 0.5 0.04 3 2:05
10 60 - 1 1 - 0.5 0.04 3 *

11 60 0.75 0.5 - - 0.5 0.04 5 1:40
12 60 0.5 0.5 - - 0.5 0.04 5 *

13 60 0.5 0.75 - - 0.5 0.04 5 ®

14 60 0.75 - 0.5 - 0.5 0.04 5 1:45
15 60 0.75 - 0.5 0.2 0.5 0.04 5 1:00
16 60 0.75 - 0.5 - 0.5 0.2 5 2:28

# The mixing time could not defined

Hand mix formulations were prepared to evaluate
mixing time. 200 grams of aggregate rock (Para shury
seal type III) and 2 g of filler (Portland cement) were
added to mixing container, stirred utill homogeneous.
Then 10 g of water was added and stired 30 second
finally 21 g of emulsion was added to mixture container.
The mixture was stirred and stirring proceeded using a
metal spatula, by hand, at the rate of 60-70 times per
minute until the asphalt emulsion broke. The initial
mixtures were all liquids with the aggregate and emulsion
homogeneous. Breaking of the emulsion was easily noted
when the liquid gradually become less fluid and
eventually formed a ball. The mixing time was
determined from stirring all compositions were started
until emulsion breakdown. Bituminous Surface Branch.
Department of Highway was defined the mixing time of
Para slurry seal type TII between 2 to 4 minutes.

but is soluble in other organic materials like oils
(asphalts). Thus, an emulsifying agent is one molecule
with both water-soluble and oil soluble portions. This
unique characteristic gives the chemical its emulsifying
ability. During the last 30 years the cationic emulsifiers
had dominated in bitumen emulsions for road
applications. The main advantage was the good adhesion
to acidic stone materials which usually is preferred for
road constructions due to their good mechanical
properties. So in this works, cationic emulsifier was used
emulsified modified asphalt emulsion. Many of research
had been effort to elucidate the mechanism of setting and
curing of asphalt emulsion [2]. They found that the
important factor were change in pH caused by reaction of
aggregate with acids in the emulsion, absorption of free
emulsifier onto the aggregate surface and flocculation of
the emulsion droplets with the fines. The relative
timescale of flocculation (setting) and coalescence
(curing) depended on the systems, but in general
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flocculation was the more rapid process in which some
water cloud be expelled from the system and some
cohesive strength developed, followed by a slower
coalescence process which resulted in a continuous
asphalt phase. This asphalt phase must also adhere to
aggregate. Coalescence was an inversion process; the oil
in water emulsion was transformed into a water in oil type
which then slowly lost its internal water phase. This
inversion process was favared as th ratio of asphalt to
water in the system increased. The tendency for an
emulsion to invert cloud be determined in laboratory
tested and had been related to curing behavior in the field.

From table 1., increasing emulsifier content from
0.5 in formula 3 to 1.0 in formula 1, mixing time was
increased. If the emulsifier content in the emulsion was
increased to a comcentration higher than the CMC, the
excess emulsifier will form micelles in the water phase.
When mixing this type of emulsion with stone material,
the excess emulsifier might coat the stones without
destabilization of the emulsion. The breaking of the
emulsion then becomes much slower and may even not
take place until the water has evaporated [3].

Amine group in Oleylamine and Gernamine were
more reactivity than quaternary ammonium that was
pernmnent head group in CTAB so addition Oleylamine
(Emulsions formula 6 and 11 in Table 1.) and Gernamin
(Emulsions formula 14 in Table 1.) decreased Mixing
time. Increasing Oleyamine content, the mixing time
decreased due to the reactivity of emulsion increased.
When the ratio of CTAB:Oleylamine was 0.5:0.5 and
0.5:075 (Emulsions formula 12 and 13 in Table 1.), the
mixing time could not defined due to the emulsion was
breakdown immediately when it was contacted with
aggregate because emulsion had too high reactivity. This
character was also occurred in emulsion formula 10 which
used Gernamin and Oleylamine as co emulsifiers.

Considering between Oleylamine and Gernamin,
Gernamin was tallow alkyl propylene diamine, though it
had two reactive amines but the long length chain caused
its reactivity not different with Oleylamine. Thus the
mixing time of emulsion formula 11 was not different
with formula 14.

Asphalt contained a small amount of salt, which
could lead to an osmotic swelling of the droplets in an
emulsion as water was drawn into the droplet. This
resulted in an increase in emulsion viscosity, often
followed by a decrease as the salt slowly escaped.
Caleium chloride was included in the emulsion at 0.1 to
0.5 % to reduce the osmosis of water into the bitumen and
minimize the change in viscosity. It was customarily used
in cationic bituminous emulsions to increase storage
stability of the emulsions and, to some extent, to reduce
the viscosity [2, 4]. So in this work calcium chloride was
used as additive to control viscosity and the effect of
calcium on mixing time was also studied. Addition
calcium chloride to emulsion (Emulsions formula 5 and
7), the mixing tume decreased and increasing calcium
chloride in emulsion formula & was also decreased mixing
time. Decreasing of mixing time with calcium chloride
because calcium chloride reduced viscosity of emulsion
and osmosis of water into bitumen was also reduced.
Coalescence was faster with low viscosity caused mixing
time decreased [2].

a)

d)

e)

Fig.1. Photograp of Emulsions coated on Surface
of Aggrrgate after Emulsions Breaking ; a) Formula 3,
b) Formula 6, ¢) Formula 8, d) Formula 9, ¢) Formula
15, f) Formula 16.
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Polymer modification could improve the properties
of bitumen in term of cohesion, resistance to cracking at
low temperature, and resistance to flow at high
temperature [5]. Latex is water-based dispersion of
polymer which was particularly suited to the modification
of emulsion. Latex came in anionic, nonionic, and
cationic forms, and it was mmportant that the latex type
should be compatible with the emulsion. In this work, pre-
vulcanized natural rubber latex was used modified asphalt
emulsions and , pre-vulcanized natural rubber latex was
stabilized with nonionic stabilizer before using as
modifier so increasing latex content had insignificant
effect on the mixing time in co-emulsifier system.

Creaming or sedimentation also caused stability loss
[6]. Thus, increasing antifoam content resulted increasing
of mixing time (Emulsions formula 16).

Coating of emulsions on surface of aggregate was
showed in Fig.l. Emulsions formula 3 (Fig.1 a) which
was used only CTAB as emulsifier was clearly found poor
coating and we could saw some aggregate surface. In
simplified process of setting of cationic emulsion where
the aggregate did not contain significant fines, important
stages in the setting process could be considered as follow
[2]:

1. Free emulsifier adsorbs onto the (oppositely
charged) mineral surface, which neutralizes
some charge on the surface while at the same
time making the surface area of the lipophilic.

2. Minerals neutralize acids in the emulsion.
causing loss of charge on the emulsion droplets.
leading first to flocculation of the asphalt
droplets and then to a slower coalescence of the
droplets.

3. Water is adsorbed by the mineral, as well as
evaporates from the system.

4. Droplets in contact with the mineral spread on
the surface. especially that surface made
lipophilic by adsorbed emulsifier, eventually
the water film on the aggregate surface

Therefore, CTAB was quaternary ammonium,
adsorption onto mineral surface was low reactivity so
coating on mineral surface was poor and emulsions
formula 3 was also seem wetter than other. When amine
emulsifiers which high reactivity was added, coating of
emulsions onto surface of minerals was improve because
of good adsorption of free emulsifiers on minerals
surface. Increasing calcium chloride (Fig.l.c) and
antifoam (Fig.1. f) content did not clearly effect on
minerals surface coating.

4. CONCLUSION

The mixing time of modified asphalt emulsion with
aggregate Para slurry seal type III cloud be measured on
small scale in laboratory using small scale mixture of the
same component. In case of quaternary ammonium
emulsifier, increasing emulsifier content, the mixing time
increased but inversion in amine emulsifier due to the
reactivity of amine emulsifier was very high. Calcium
chloride was used as additive and had effect on mixing
time by decreasing viscosity. Antifoam was decreased
creaming process resulted the mixing time increased.
Modification asphalt emulsion with pre-vulcanized
natural rubber latex insignificant effected on mixing time.
Using co-emulsifiers between CTAB and amines could

improve minerals surface coating. Additive, Calcium
chloride and antifoam, did not clearly effect on coating of
emulsions on minerals surface. Increasing pre-vulcanized
rubber latex content in emulsions was also insignificant
influence on minerals surface coating.
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