NIsALNUITMsenweaeeiliiveadeanneslunatainianilue

2998195550 R/LeRaultassdnalanadwes

U1Y NAEDU UNANWIAD

v

<

anstusiiudiumisvesnsfnunuvangns
UIM3gINAUMUUAA
A1UIVIUIMNTTINIDAAMNTIULALNITAT UTNTTINIQAAMNTTUUALNITAN
Jaudindnendey uninendemalulagnszasuinainssunsivile
Unsfinwn 2564

AVEANTVDINMNINYIAUNALULAENTLADULNATINTEUATHNLD



NsALNUTITMseweneef iiveaduanneslunataindaniluee

a aa a a a s
GUENEJ'NﬁiilIsU']@/L@ﬂﬁﬂl’]ﬂﬁ@%‘(jmﬂIF"I‘WE]ﬁLlIBi

YIENAADU UNAN®IAD

(%

<

astnusiidudumisvesnsfnunuvangns
UIMIEINAUMUIAR
A1UNIYIVTNITTINIAAIMNTTUUALNITAT UTUNTTINIQAAIMNTIURALNITAN
Jaudindnende unimendemalulagnszasunainssunsivile
Uns@nw 2564

AVEANTVDINMNINYIAUNALULAENTLADULNATINTEUATHNLD



O, SrR TS

&

%7’ o
Wy Eun s G
Ot

Tususasasunus

UUNNINYIAY UNIINSIALNALULATNTZADUNATNTSUASINLUD

399 MINRIIUTsYiaTieuzneenlifivenduanmesiunaainiaaluenvessns
a aa a a a s
syaumd/tenaulilanvdinalanediues

Ing 118 Nedau UnAN®IAD

IisvaydRliiududumilsvasnisfinwmumdngns

UIMIFINAUMITUAN Y13V IUTNITTINIQAAIMNTTURALNITAN

AUAAMEUIITEIND

WAYEREINNTINUINT

(Fans19138 n3.AnAde LaRug)

ANYNITUATAOUANTENUG

Us¥s1UNIIUNIS
RnATe sUNSNOA)

ASUNNS
(NYAN DFFILEINR)

ASUNNS

(Anfdy o5nasmil)
ASUNNS
And InsUnug)
NS5UANS
(599F@RS19158 A5.00F Uana)
NS5UANS

[

QEERIGER)






3 : vAdeU UNANWIAD
Beineinug L MsiNUIsYeiensuzaesiifivendeannmesiy
wanaAnTaaluin

9898195550R/teTiaullanydnnlanediues
UYL D UIMITINAgRAMNTIULAYNNIA

LN INYRUALLLAENTLIDUNANTLUATU D

919138NUSNYTING N INUSTEN D NOEAN OFNTILENNE
919138MUSNY I INUTI I : fnAdey e8nadmi
Un1sfinw : 2564

undnga

nsvudsensuzaesluiagduisudiuvuvesnardsdududesliauiounaen
svpznaivudddudiemdnu wazsidudoddsaussnmvlunsuuds nmsvudsly
dnwagieundsniussydneivieviuusnanazidefnifludesnsuszndandanu fanunsa
Tsausmnsssumvudald nuszasivesuided fo nsiaunussydusiinuiouuns
UssghazaIunsaviasurayluiveaugneslalaglineliinveswaslivinliaudfivesen sy
noeidely TassnAfeduvad 2 du fo (1) mswauvssafasinmeslunanadintanily
w® (thermoplastic vulcanizate, TPV) 98981455354%78 (natural rubber, NR) SAUAULNAUY
hilaezinnlanediues (ethylene vinyl acetate copolymer, EVA) 9ty (2) 9zt TPV 7
Iolunaaeuussyeuzaegiavinluvasunauivesmeney niouiunaaeuauUivesenduy
ney wazAnwin1susuleandhensuenaedle TPV fiflszfun1den1n9 (degree of
crosslink) iwandnaitu Tngludrud 1 10unsAneniBnswan TPV Audadu 2 funou Ae
1158 oLV UUNA TR (dynamic vulcanization, DV) WasN1SHANNI8WES (further
blending, FB) fnuadnsaulagiimiinass EVANR wihiu 50:50 @enldansidonvaiy
InAadamesoanled (dicumyl peroxide, DCP) fiu3unas 2 daulu 100 dauveasdu (part
per hundred resin, phr) waza1staafunisdeuanin (thermal stabilizer, TS) U 1

phr lngAnw13dwan 3 35 lawA NR-DV A9 DV 1aw1g NR way FB EVA fiu TS, Split-DV fie

Adfey : vsTAdnalidves, weslunarafiniaanluis, 8195350Y1A

219158 7USNwINEDNUSVaN




Name : test studentAD

Thesis Title : DEVELOPMENT OF ZERO-WASTE PACKAGE FOR ASPHALT FROM
NATURAL RUBBER /
ETHYLENE VINYL ACETATE COPOLYMER THERMOPLASTIC
VULCANIZATES

Major Field . Industrial Business Administration and Trade
King Mongkut's University of Technology North Bangkok

Thesis Advisor . KITSADA ATSAWARUNGSANGKUL

Co-Advisor : KITTICHAI ATHIKULRAT

Academic Year : 2021

Abstract

Asphalt is normally delivered in liquid form which was heated all the time. It
consumes more energy and need the special truck to deliver it. An alternative way to
deliver the asphalt in form of solid covered with package can reduce energy
consumption and normal truck can be used to deliver. The objective of this research
was to develop the zero-waste package for asphalt that was no waste after use and
not harmful to asphalt properties. The research consists of two parts which are (1)
development of package from natural rubber (NR) and ethylene vinyl acetate
copolymer (EVA) thermoplastic vulcanizates (TPV), and (2) Test of asphalt package
prepared from the TPV and studied on asphalt modification by incorporating TPV
with various degree of crosslink. For the first part, the mixing method consists of two
steps: dynamic vulcanization (DV) and further blending (FB). The weight ratio of
EVA/NR was fixed at 50/50 wt/wt. Dicumyl peroxide (DCP) was used as a crosslinking
agent and was fixed at 2 phr. Thermal stabilizers (TS) were fixed at 1 phr. Three
mixing methods were compared: NR-DV which NR was only DV and then FB with EVA
and thermal stabilizers (TS), Split-DV which NR and some EVA were DV and then FB
with the rest of EVA and TS, and All-DV which NR and EVA was DV and then FB with

Keyword : Zero-waste package, Thermoplastic vulcanizate, Natural rubber
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CHAPTER |

INTRODUCTION

1.1 General Introduction

Asphalt is a mixture of hydrocarbons and is commercially obtained from

petroleum refinery process. It is solid at room temperature while it becomes liquid and can
be pumped when its temperature is higher than 120 °C [1, 2]. The asphalt is widely used as a

binder in paving (road construction), roofing (asphalt shingles) and sealing application.

Normally, the asphalt is mixed with aggregates at temperature around 160 — 180 °C. This
asphalt is called a hot-mix asphalt. But, due to the environmental issue, there is demand for
lower organic compound emission during mixing of asphalt and aggregates. This can be done
by lowering the mixing temperature of asphalt and aggregates to be around 130 °C [3-5].

Therefore, a warm-mix asphalt is interesting.

In general, the temperature of asphalt obtained from the refinery process is about

200 °C. After it is transferred to storage tank, the temperature of asphalt drops to around

160 °C. It needs to be maintained at the temperature not lower than 160 °C so that it can be

pumped into the special tank truck. To counter the heat loss, during the delivery process,

the tank of asphalt is continuously heated to maintain the asphalt in liquid state. After

delivery process, the asphalt is either mixed with the aggregates at a hot-mix plant or kept in

the storage tank with heating unit. However, the asphalt cannot be kept more than three

days at high temperature because of thermal aging [3, 6]. Moreover, the special truck as

shown in Figure 1.1 is required to deliver the bulk liquid asphalt to a hot-mix plant shown in

Figure 1.2.
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Figure 1.1 Special truck for asphalt delivery process [7]
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Figure 1.2 Hot mix plant [8]



To reduce the energy consumption during delivery and storage of asphalt, the

asphalt should be delivered and kept in a solid form that can be delivered by using a normal

truck at ambient temperature. However, due to the tackiness of solid asphalt, it should be

covered with some plastic film which can be melted with asphalt without causing harm to

the asphalt. This type of plastic film or package is called a zero-waste package. The proper

asphalt package should consist of three functions: (i) endure heat during hot asphalt filling,

(ii) good mechanical properties during delivery process, and (iii) able to melt with asphalt

during mixing with hot asphalt without causing harm to the asphalt. The asphalt package
that can be melted with asphalt was first invented in 1999. It has since been improved using

many techniques to overcome its limitations [9-11]. More works are still needed.

Nowadays, a major environmental concern is plastic waste, especially single-use
plastic packaging. Many countries provide policies to solve this problem such as the reduce-
reuse-recycle or 3R waste management [12]. Thailand is ranked 6% in the world for
mismanagement of plastic waste (equaled to 1.03 million tons per year being released to the
ocean) [13]. According to the Thailand’s roadmap on plastic waste management [14], plastic
bags with thickness lower than 36 micrometers and single-use plastics (i.e., straws,
tablewares, food boxes) must be reduced and banned within 2022. Moreover, the plastic
waste must be 100% recycled within 2027. To support this roadmap, the plastic waste is

recommended for producing the zero-waste asphalt package. Most of plastic packaging are

produced from polyethylene (PE) and its copolymer which is an ethylene vinyl acetate

copolymer (EVA). The advantages of EVA are high impact and puncture resistances and it is

more transparent than PE. However, the melting temperature of EVA is around 86 °C while
the temperature of liquid asphalt is more than 100 °C. From this reason, the thermal

resistance of EVA should be improved to endure the hot asphalt during filling.

There are many methods to improve the thermal resistance of EVA such as
blending with high melting temperature or high molecular weight polymer, incorporating

with rigid particles to prepare polymer composite, and crosslinking the EVA to increase the



molecular weight of polymer. In this work, blending with high melting temperature polymer

as well as crosslinking were employed to increase the thermal resistance of EVA.

Natural rubber (NR) is an elastomeric polymer with high molecular weight (>
100,000 g/mol) [15]. Thailand is the world's biggest natural rubber production with the
market share of 37% of global production [16]. The price of NR has fallen since 2014 due to
the excess supply. To overcome this problem, the Association of Natural Rubber Producing
Countries (ANRPC) have been continuously promoting more usage of natural rubber. In
addition, the NR has been used as an additive for asphalt. The road constructed with asphalt
and natural rubber has longer service life than the road constructed by normal asphalt [17].
Due to its high molecular weight, the NR has no melting point. Thus, it cannot flow like
thermoplastic at high temperature. Therefore, it has a potential to be used to increase the

thermal resistance of EVA. Moreover, dynamic vulcanization technique can be applied to

EVA/NR blends to transform them into thermoplastic vulcanizate (TPV) [18-21]. TPV has

better thermal resistance while can be reprocessed like thermoplastic.

This dissertation consisted of two parts which were the preparation of

thermoplastic vulcanizates and the fabrication of asphalt package. For the first part, the

effect of mixing method and peroxide content on the properties of EVA/NR TPVs were

studied. In the second part, the asphalt package from TPV with different peroxide contents

were prepared and tested by filling with hot asphalt. Moreover, the properties of asphalt

blending with the TPV with different peroxide content were also investigated.
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