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The Feasibility Study of Using Electron Beam Irradiation
Method to Produce Natural Rubber Latex Thin Film
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Abstract

This research aimed to investigate the environmental impact and economic feasibility of
using electron beam to enhance carbon-carbon bonding for latex thin film forming process. This
electron beam processing was compared with the chemical conventional one. LCA method, by
global warming potential, was used to assess the environmental impact of both two processes.
Operating cost was collected to determine economic worth of both methods. Physical properties,
tensile stress for this case, were used to compare the quality of the products from both
processes. Additional, four level irradiation of electron beam; 50, 100, 150 and 250, was adjusted
to investicate effect of them. From data collection and experimental result showed that, the
environmental impact of 38.5 g functional unit latex film obtained from conventional process and
developing process were 0.13 and 0.006 keCO,eq, respectively. Whenconsidering to operate cost
of both processes, it was found that, the cost of both processes were almost quite similar at
approximately 4 Bahts (slightly higher for electron beam process). Increasing of irradiation energy
would exhibit increasing of tensile strength properties. However, product from electron beam
irradiation process, at the maximum irradiation of this experiment (250 kGy), has tensile strength
properties (16.2 MPa) worse than from chemical conventional process (22 MPa). Researchers
expected the better result if more energy is increased further than boundary of this experiment,

but this would brought disadvantage of economic feasibility.

Keywords: electron beam; global warming potential (GWP); life cycle assessment (LCA)
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MsAwettestuiiunsaesed (M5t 6)
AUATU FIEIUTBINTNAADULS IR LTS 819
555011859 wnaaaulnen1sUSUTEAUAINY
Wuvesdedsdidnaseuiianadu 4 sedu fe 50,

100, 150 way 250 kay

A5 4 ANNISNAEBUNISAIVBILEUT AN

HA1AaLA 50, 100, 150 way 250 kGy azvinliina
TuNsnAaouLIIRgIgaliANANNINTWSTeY 9
nUsEII 6.4 MPa aufi 16.2 MPa vinlvinsiu

a &

WaveINIAe e Bianaseudinanenisiiia
LS weuHLTdue 19T TIm AT e Tueuise
dnsareddidnnseuit 250 kGy TerlndiAsatu
Braduuniign Teldnnsaned 250 key Hudh

Wisuiilguinusunuuazdindeusisly

AN5197 5 ANNISNAEBUNITAIUBILEUN AN

SITUVIANANATLAL]
Tensile |Tensile stress
stress at at 100 %
Maximum Modulus
load (MPa) (MPa)
1 19.23 0.70
2 X ANgean 26.32 0.78
3 22.70 0.75
4 23.99 0.78
5 22.06 0.77
6 X ANGEn 13.81 0.74
Mean 22.00 0.75
Standard deviation 1.88 0.02

FITUYGA
Tensile |Tensile stress
stress at at 100 %
Maximum Modulus
load (MPa) (MPa)
1 X fningn 2.40 0.40
2 2.71 0.37
3 2.86 0.37
a4 2.44 0.41
5 X ANgagn 3.11 0.40
Mean 267 0.38
Standard deviation 0.30 0.02

HANISNAFBULSIAIVDILHUT A8
s55uATId e un g afien @1 tensile
stress 71 maximum load WIAU 2.67 MPa n13
VNAADULIIA VO IMHUTS L1955 U1 RTiNEY
a@15LANdAT tensile  stress ﬁ maximum  load
WU 22 MPa wazannensed 7 azuiuladndle
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FITUYA
Tensile stress | Tensile stress at
at Maximum 100 %
load (MPa) Modulus(MPa)
50 kGy 6.411.2 0.45%0.03
100 kGy 5.812.2 0.4910.01
150 kGy 12.3x1.1 0.56+0.02
250 kGy 16.211.8 0.66%0.02
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thensduiunntu waildaenisldinenansdday
fisenganiinislithenaauasiaiieg 0.06 v
walunszuIuNIsHARTSY asafifildfinseSoui
gagnnguatsiadnameftuiildlunisndnd
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Fawmestunnedadeuiluldnuliiiosliviin
u1ntes vinlrseslalgaeludiuvesnisidan

sl

A13090 7 Auv U0 IwiulaNe19sTIUYIANAY

-
g13Ad
371 , _ , 371
FIUN1T /e | USunu |vuae
(U ) (un)
Ay

60 % latex | 105.00 | kg |0.03152‘ kg ‘ 3.310

asiail
Sulfur 114.00 kg 0.00038 | kg | 0.043
ZDEC 168.00 kg 10.00020 | kg | 0.034
ZMBT 243.00 kg 0.00020 | kg | 0.049
Wingstay L 372 .00 kg [0.00013| kg | 0.047
DPG 178.00 ke 0.00013 | kg | 0.023
ZnO 135.00 kg 10.00094 | kg | 0.127
KOH 10.00 kg [0.00050 | kg | 0.005
Oleic** 374.50 ke 0.00013 | kg | 0.047
Bentonite* 30.00 kg [0.00002 | kg | 0.001
Voltamal* 145.00 ke 0.00004 | kg | 0.006
Ammonia** 183.15 kg [0.00001 | kg | 0.002
Distilled water| 8.00 ke 0.00433 | kg | 0.035
Bty 0.03851 | kg
A5kl Mas | widay |szezien [wihe|0.271%
dmiunmsha- | 2.50 kW 80.0 h
wesdu
d1msunng 0.60 kw 2.0 h
Bilatu
Total| 4.00

vanew : *ansiedildlunsidtadu (emulsion)
saqadildlunisiAamestu (dispersion)
Distilled water T#{udrunanlunisvirdiadu
wazfaiwesiu

o Hynrsaruralndnsiuainnisesey

Y

aswaiifamestulasdlatudsinunisiy

duuan
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nmsneed lngldiedesiionsussiiuiginsdin
(life cycle assessment, LCA) AULUININAIT
Uszifiuansveunaniuvivesuszinalnelae
DIANITUSUITIANIIAIDLTBUNTEAN (DIANS
wgu) Anelaveulrn C2G6 lavaulauies
rnansznuludunnzlanieurindy
nafiliazuansdanansznudsuandes
YDIUNUNAUYNIGTTUBNANANAITLATAUN
ANSANYIVBIHANTENUAIING DU VDN LTS B9

555U AlAeN1TRNeS A TuA RN 9 way 10

AUAIAU

[%

M99 8 AUYUVBUHUTIAN 15T T RN T9E

571 , ~ , 371
78019 /iy | Ul (wiae
(umn) (un)

Trgeiv

60 % latex 105.00 kg [0.03850 | kg | 4.043

nslalan MAY | Wl |szeziia [wie
dmsuipdes
2159300 0.2700 | kw 5.0 h | 0019
Bldnnsou

Total| 4.06

AN5199 10 ANANTENUNUAILINADUVDILHUTANB195TTUYRR18SE

Emission factor

579013 iy | USunal , RGN wasiiunvesan Emission factor
(kgCOe/mUnY)
0NITULUTN 4 E0) (TGO EF: 2 unsnAu 2556) [12]; sanTeUy
ﬁuuméﬂﬁwﬁﬂusmﬂ km | 39.7000 0.3111 0.00006 | UssVN 4 &0 mumﬁﬂﬁmﬁﬂmsuﬂgaq@ 7
qen 7 fuAuUUng §fu JauuuUn#, Thai National Database
ngiu
60 % latex kg | 0.03850 0.08231 0.00317 | Anfnsy Jevdey uazay [13]
. - emission factor 4 .
A5l iy | Usune , NaR | UWWAsNNuedAn Emission factor
(kgCOe/1U8)
o o A o o (TGO EF: 2 unsnau 2556) [12]; electricity,
dnsulnTennesdan
. kwh | 0.00523 0.60900 0.00318 | grid mix (1), Thai electricity, grid mix
dlanmsou
2009, Thai National Database
Total 0.006

Base on : U314 38.5 ¢

nM5199 9 uar 10 agldamwansznu
FIUAILINE DUVDINITHANUNUT S 81955 5UT R
IINAISATRATNANTENUAIUAIINGBUVBINIS
NARLKUTAN819555U¥1RNNN15R859F TaAn
WU 0.13 kgCO,e tay 0.006 kgCO,e MNAIAU
FananszrumuAandonveinsanusLTduens

§55UTIRNATALTNANTENUNINAINVDINITHARN

uHuAdIeN9sIIHIIRINNTRN8SeE [WuKaunan
Astdasiedduauuin wagnisigluildnsy
AsREmBITUANSAN, ZnO way 60 % latex lnedl
A1 0.12386, 0.00273 way 0.00259 kgCO,e
AIUAIRU LANANUVDINTRNES @ T NaL e LA

USHNauuaang R g n UL intu
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AN5199 9 ANKANTENUNUAINADUYBILNUNAN Y195 TUIANANANTHAL]

Emission factor

Wasfu1vesA Emission factor

318M3 mhy | USun . Nan
(kgCO,e/%U8)
JONTEULUTINN 4 70
s ¥ o (TGO EF: 2 uns1au 2556) [12]; s0n58Ue
YUIRLANUINLN . .
v km | 39.70000 0.3111 0.00006 | U339 4 89 VUIARNUINUNUTIVNGIEGR 7
UITNNEIER 7 AU Lo N
" Ay JauuUn®, Thai National Database
wuuUng
ingAu
60 % latex kg | 0.03152 0.0823 0.00259 | AnAney jadey wazAng [13]
a5l
(TGO EF: 2 uns1An 2556) [12]; sulfur,
Sulfur kg 0.00038 0.4529 0.00017 | sulfur from refinery, Thai National
Database
ZDEC ke | 0.00020 2.9066 0.00058 | ldMgegnvasnguansiadl (Zno)
ZMBT kg | 0.00020 2.9066 0.00058 | lfAngegnuesnguansiail (ZnO)
Wingstay L ke | 0.00013 2.9066 0.00037 | Mdegegnvasnguansiadd (Zno)
DPG ke | 0.00013 2.9066 0.00037 | MdMgeanvasnguansiadl (Zno)
Zn0O kg 0.00094 2.9066 0.00273 | Ecoinvent 2.2, IPCC 2007 GWP 100a
KOH kg | 0.00050 1.9272 0.00096 | Ecoinvent 2.2, IPCC 2007 GWP 100a
Oleic kg | 0.00013 2.9066 0.00037 | ldAngegnuesnguansiail (ZnO)
Bentonite ke | 0.00002 2.9066 0.00006 | ldMgsanvasnguansiadl (Zno)
Voltamal kg | 0.00004 2.9066 0.00011 | ldAngegnresnguansiail (ZnO)
Ammonia kg 0.00001 2.0520 0.00002 | Ecoinvent 2.2, IPCC 2007 GWP 100a
Distilled water kg | 0.00433 0.00103 0.00000 | Ecoinvent 2.2, IPCC 2007 GWP 100a
521 ke | 0.03851
. _ emission factor A .
sl nue | Usuiu , NAARL | WARSVINIYDIAT emission factor
(kgCO,e/%Uw)
(TGO EF: 2 uns1Au 2556) [12];
dudunisdtatu electricity, grid mix (ln#1), Thai
kwh | 0.00259 0.6093 0.00158
(0.6 kw) electricity, grid mix 2009, Thai National
Database
(TGO EF: 2 uns1Au 2556) [12];
dmsunshawesiu electricity, grid mix (lni#1), Thai
kwh | 0.20338 0.6093 0.12386
(2.5 kw) electricity, grid mix 2009, Thai National
Database
Total 0.13

Base on : U3u1au 385 ¢
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4. a3d

ANSANEINUILLUSUUSUMN1SRN8SeE

VANLINTUALYINIAAINISNUF BT IR 9T kU LUY

4

£
@

1 uddedlavinnisuusunaeeanisatesed

2D

G
LY
=3

g1dannseuNazdanalranssnala1lnaAe ey

Y1g199Kauansadl lne@nwinisusuusunanis

wiulduAdndn 385 sy naillaaedanily

a1

A3LANIAINIINAGDULIINLIINAU 22 MPa d2135
AEN152195987 250 kGy A mageunisAuiny
16.2 MPa a1ntiuunnduyulunisnds 385015

HARLAUTAUEN95 5T IRVD VIR0 TN T IA AU Y

'
= 1Y

lndifgaiuegiseanns 4 vm ngdtaneaday

D

AUYUNEINTT 0.06 UM uazluduveanisdana

NITNUADALLINA DN To7TaNIIATlazdINanTENU
Roduwandau 0.13 keCOe Turas@insilénisany

$989zdINaNIENUABEININGOULT BT 0.006

&
Ya o

kgCO,e il m%mmﬂmm finUSunaunisane$ed
inntuanveualuAdetgynlrausinsmu
FOLIINIVDILHURNS L ALNINTY win199zL Ty

nadesionnudululimmassugeans

5. AnANIINUIZNA
VBV UANNFUYAAINNTTUYN #1TWITY
g19 NSUIVINTITINEAS F1USUNISANYILALAITIY

Q

Aue

U

Ao unlun1sudnuduiaue19eT TR Je
waziaugnamnssueslne dmsunisnagey
w3ehe wazaudimalulaglansuaz Jaquieuid

dusunshiawuzinlunisanesed
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