/mau 39stannsan : Wlusunseuna il uinsiuaunndenanneessINRd sy
NARNadn lne (ECO-FRIENDLY CUSHIONING FOAM FROM NATURAL RUBBER FOR
THAI FRESH PRODUCE). 8197567131 : ffthemans1a1se) n3.nfien mssadinna,

122 v,

[

Adfey : Iuantdienesssuwd nszuiunsauaey nsldlulasiananeviiliensasgd nns

o

§O8AANENINTINN UTIIIN UseAnSamnisiunssunn n1sveaeunsauasiiiou

(%
1

Inerdnusty sduiaunlnufunseuwnn M ulnsduAWINE aUINU1195TTUBR

3

AignszuIuNIsauasUswiunsiiauseumglulasianyie ludunsunisinlensasgy

=

wanIntAnwinaneulndnvedlnluenssssuyfvasidulesssumAmeuuusednsinisees

a

d 'Y Y} = v Y} ¢
dangmsdinmvediuiunszunn Wueasiunssunngnneaeuiveldiduussaiuanugugd
dusunannadanvodnednsudeaiumNuEseNanRATERINNITUUES

:’/ L% d’g (] U o v % v d‘
TuRBULIN FIUINSTUFUEmTURSTUIUNMSYIensassUgnusulivansauivean
PAIUKALLIAN Anwiaan1sanesadlulasyn (450 600 waz 800 T98) wazsyetian (4 6
waz 8 w1l lnedadedug amuaulined (eausalunistutnensii 1,250 seusoundl Aae
a % % | 1 v Al ::l' o W [ 6
1281 6 W) N15MTFBULATIASIIMIEANUAINUIN N15R18598 i TAsINARIAslW 600 T9A
] A o v A o a H a e
Juan 6 uil ilnldnisasguitadniase gnuadliuena91ntnessun@ uenantifiny
navadAuslun1stu (650 950 1,250 1,550 wag 1,850 50UAUIT) waziatlunistu (2
4 6 8 waz 10 W) dwsutuneunisTusUliny uwasUSunaasyiliiinnes (1.50 3.00 uag
4.50 @iulusosdIureisd) PNNANITNABBINUIEN LAY Nlglun1sAnwdlnlnue9ng
ANULANATURE AN T oY lATIAS 1Y AUNUILUY AT AUNULSION LazAN
FUUTEANTNNTTULTINTEWNN @N12INSTUNANLST 1,250 Sausaui tduian 6 uii
wazansviliianes 4.50 dwludevdruvesensgnidend miunisuanlnue1esssuvaiu
NSTWMNKUUMYIEKAEABLINGY LT ININUATANNLWULAN TR
ANSHARNNUAUNTEULNABUUANYIENN LRSS ITLUNUNAAS19AUANSAUN 3 AR N5
28NKUUMYIY (FULUULAZAUIRA) Ad1eRulNLAUNTEUNNNIaNISALTD AU ARAlUNTS
WSsueuUszansnnvesliusisaaavia Iuenaanenssssusaraulnanniidulaluly

AT Teasaaten1tIn SN uesn lusinsladule w@uleluldawin 90



fla 106 lalasiams FUSuaisineg (0.00 2.50 5.00 7.50 waw 10.00 dwlufesdrubesens) gn
T llulnuangesssumdndandunoun syiliianes nansfnwiwuinauinead
aslnly AUy mnuude AamuLssn duuseansnstunszunn wagnsyus
dewmnusenveduanihensssusifatumunsdiaturesUsunanduleluln Tums
asefudnn mumuuturestusEn s anvuunltianas Wousinanduleluliiudy
yonnifinsleasmsitesiudunan 24 dUasiifiensivaeusasnistosaanenisdinm

voalnue1enaulwaN wasaInn1SieRy Nﬁﬂ?3%@@6\‘1&3’1@\‘1‘1‘1}{&1{3"15@3’1ﬂ’1§8j@8’s’1@’18%73

Y% (%

Fipmgresusuvednuaeuindniiuiusgredited Ay uusunussdulelulnily wans

%

N8 IlaenAR 09 UM SIUAsULU A DIANYAILIIN1ENNLATFUFIUINGT 1Assas1amaadl

43

wazauURAana

AsNeaauUUsEans MuvadlWuaNU1e19sssu P wazinug1smaulndnlunisy

(% &

UssfuniunssumniUSeuiisuiulamensan (nuwedtedusuuveny) Nunsvagey

'
(% ¢ 2 a

ussauaiiudSeneldanenisduagifion (Anase 8.826 wnssaiuniinndeaes A

13.5 8% WWunan 40 wih) wdamsdu disgniivlusiosduiigamafl 20 eswrwades 1u

Y
v [

181 4 Fu wue Sl A un s N wnge TuaeidSaaussglulnuens

a oy

moulnanilifdulaluladisesmdosnian Saisuideslsias/miafnimaussglulnua

q

(al’n‘ U |

WRYOENTDY HaTIlSaDnA80I8ENRNUN AN ULUDS I UATIFNY DIs19E 1991 98D
Iuussadasidunszunniiludssfuduwandandinaundulunuiilasunsigaiu
TMdumadenmadandisi o lenawnulnumeni1sen IudunseunoMduiinsfuwinday

Tususngg Usenousay dnadv nseuiunsuds Ussdnsainlunisiunszunn wazns

4 U s

dovanmudiognisldou lnsvuddadunisiityanliivensssuedded undiodoue

namMsineasdrdgyelandsvasinedneae

, a o
aivimnssuneduns maﬁa%aﬁ“ﬂﬁnwn..!.'.’.’?P.H.....’.‘?.‘.‘..’F.’D.‘.’f.’.ﬂ ......
a d & al =7 =
Un1sAnwn 2565 maﬁa%ammiam‘iﬂm....{..'.% ...........

maﬁa%ammiéﬁﬂ?ﬂmém....f.\mmfﬁwi

a8ila%ea195eRUS NNV TP A. 7 =




KEAVALIN JITKOKKRUAD: ECO-FRIENDLY CUSHIONING FOAM FROM NATURAL
RUBBER FOR THAI FRESH PRODUCE. THESIS ADVISOR: ASST. PROF. TATIYA
TRONGSATITKUL, Ph.D., 122 PP.

Keyword: Natural rubber latex foam/ Dunlop process/ Microwave assisted

vulcanization/ Biodegradation/ Packaging/ Cushion performance/ Vibration test

The focus of this thesis was to develop an eco-friendly cushion made from
natural rubber latex (NRL) using the Dunlop process coupled with microwave-assisted
vulcanization. Additionally, composite of the NRL foam with natural fiber was studied
with the aim to enhance the cushion’s foam biodegradation rate. The cushion foam
was tested to be used as primary packaging for Thai fresh produce to prevent any

damage that might occur during transportation.

Firstly, the processing parameters for the vulcanizing process were optimized
to reduce energy and time. The microwave irradiation powers (450, 600, and 800 W)
and time (4, 6, and 8 min) were studied, with other factors being held constant (stirring
speed of 1,250 rpm for 6 min). The visual observation suggested that microwave
irradiation at 600 W for 6 min was optimal as it yielded the most uniform curing of the
NRL foam. Additionally, the effects of stirring speed (650, 950, 1,250, 1,550, and 1,850
rom) and time (2, 4, 6, 8, and 10 min) for foaming step and foaming agent content
(1.50, 3.00, and 4.50 parts) were studies. The results revealed that the various
conditions used in this student yielded the foams with slight differences in term of
foam structure, density, hardness, compressive strength, and cushion coefficient. The
condition of a stirring speed of 1,250 rpm for 6 min and a foaming agent of 4.50 phr
was selected for fabricating NRL foam net and its composite as it yielded a foam with

lowest density.

The fabrication of NRL foam net was made possible by using 3D printed mold.
The net design (shape and size) was similar to that of the commercial foam net with
the purpose to compare their performance. The NRL foam composite with BLF was
expected to possess the faster biodegradation rate as compared to the NRL foam

without one. The bamboo leaf fiber (BLF) with the size range of 90 to 106 um at various



contents (0.00, 2.50, 5.00, 7.50, and 10.00 phr) were added into the NRL foam after,t}ne
foaming step. The results suggested the foam’s cells size, density, hardness,
compressive strength, cushion coefficient, and compression set of the NRL foam
samples increased as a function of the increasing BLF content. In contrast, the crosslink
density showed the decreasing trend as the BLF content increased. In addition, the soil
burial method of 24 weeks was used to investigate the biodegradation rate of the NRL
foam composites. After of soil burial, the results revealed that the initial biodegradation
rates of the foam composites increased significantly with the amount of BLF used. This
result was well agreed with the changes in physical and morphological characteristics,
chemical structure and, mechanical properties.

The performance of NRL foam and its composites as a cushioning packaging
was evaluated against the commercial foam (expanded polyethylene foam) via pack
test of guava under the simulated vibration condition (an acceleration of 8.826 m/s?
at a frequency of 13.5 Hz for 40 min). After the vibration conditioning, the guavas were
then stored in a cold room at 20 °C for 4 days. It was found that guava without
cushioning foam had the most bruising area, while the guava packed in the NRL foam
without BLF had the least bruise which was comparable and/or slightly better than
that of packed in the commercial foam. The result was in a good agreement with the
low percentage transmission of the two samples.

The eco-friendly foam cushions developed in this work was proven to be a
good alternative to replace the commercial one. They were eco-friendly in various
aspects including raw material, process, cushion performance, and degradation after
service life. This work also added the value to the natural rubber which was one of

the main agricultural products of Thailand.
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