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Fertilizer Pellet Production from Filter Cake and Water as a Binder Employing a Flat-die
Pelletizer
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dounauthii 30% Taswia wamsveaemudl nnszuaunsdawisls Savdruvenivimnraufe 10% fidusy
quinarverisds 6 mm waramen 23 mm esnlindniasifiarysalludnduiigiantia 30% uazidlevinn
neapuAaLdauswuansofuusalaa (215 ko) Inefinrumuuiuvesdiauegit 1351 kg m”
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Abstract

This research aimed to study the effect of amount of water mixing in fertilizer pellet production from filter
cake using flat-die pelletizer on product yield and mechanical strength of the fertilizer pellet. To achieve good
physical quality and improve transportability of fertilizer, different amount of water were added during pellet
making process, including 10%, 20% and 30% of total weight. Two types of die, i.e,, two and six mm diameter,
have been tested. After pellet production, the product distribution was calculated. After the products were
naturally dried, they were subjected to a hardness test by a universal testing machine (UTM) at the different
lengths (23, 25 and 30 mm for water mixing of 10 wt.9%, 18 25 and 30 mm for water mixing of 20 wt.%, and 19,
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23 and 27 mm for water mixing of 30 wt.%). Results showed that additional water of 10% at the diameter of 6
mm was a proper ratio to give the highest yield (30% of perfect pieces) and highest strength (21.5 kg force) and

density (1351 kg m") at the pellet length of 23 mm.

Keywords: Filter cake, Fertilizer pellet, Flat die machine
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nmsdenliijeiifinunmuasiiarsemsiivany fufiusas
wiin Tuuszmelneiu ﬂ'ﬁdqmﬁﬂmaa;@ﬁmﬂm\a Winean
Usanelve {Hulszmafidiesnthana Wuddudus ves
Tan (Chetthamrongchai et al, 2001) Tun1namiaatiy
Issueslddeailiuingfundn wazezldveadueanun
sywhansyUunsHEAvatvateYiie Wy nmhea aon
898 uarninmiensal Wudu ’E.unwﬁi’aﬁnwnwﬁan*smgn
vhanlfiduingavlunisveass eanninnilenses
Snunnilldesnununnssuiumsuaathaaduingian
Trie Sohlilssnuaulnaifesnisida egralsiniunin
wilansesilansomsfinvdesnsifisme uwiliansavy
thouaslfiuldograzmnifiominddnvasiiuns #e
s aiiSedinsideiemdunauveniddldidu
Ussanilunsudnieuvisanmnviionses selaiessauuy
WIBALUITIU

fofvoarosdauuisiude fgunsadsudreminu
wazmunadn Wliedensnengudianuazen s
WsuudRundfvuindistuanunsovialds1edeoinls
Usswdnnan ueneiniudanunsawieslnauariudiuanag
léie waziisagndnifisuiuiriesdaussiandy Turme
andunisamnsauautunIzuuNTEALalaIaIuIse
ATvdaUNSIUlasLayTING?

middeihinsmaasmanieuvidlagininuianses
naufuilusasdiudng lngldiedessauuumsauuisu
Almunmiduiugudnanuansnaiy uasAinvinansenuse
USinmnanfasidouisiild udmndunnaeunmuamoes
uanfueifilaludinuudausedoe Universal
Machine (UTM) furandnsiiitianuemuanaafiy

Testing

2 gunimiuazisnig

21 dagilelumséauin .

n1nviiansaa (Filter cake) Miwnld Tauranlseau
thaaeiu fmismetiag Sudunawaseld Aldan
nsvunumainlatides Wedanusniivuuaduidesnay
fuasismnaznauazinliunsnaunnann ndwwintuee
ii1gnssurunInsasmznausanainitdos axnaudiiiu

msuandazggmirluidiifenmahlulivsslenisely
p3AUsznaumaainIluvesninndenseiiguiy
pafuszneunaiiveeBuridiasguuandlu Table 1

Table 1 Chemical properties of filter cake.

Chemical Filter Standard of organic
properties | cake™ fertilizer=*

pH 7.7 5585

C/Nratio | 24:1 20:1

OM* (96) 22.3 =30

N (%) 2.0 21

P (%) 1.1 20.5 (P,O,)

K (%) 0.3 20.5 (K,0)

* Organic matter
** (Prado et al., 2013)
*** (Land Development Department, 2005)

22 inSasmulauyuishuuasIy

in3esdauuuidauuIs (Flat die) uiedesdndld
Tnolulunmsdntaniifdnvasdunmielivuadn ua
ImgAvifidnuuzsouyuliduuis Tnefiduysenaundn
Ao Widauazgnnas lnugnnasesvyuegiuuuiiga
annsaUurSald (Stelte et al, 2012) 1r3padauvioi
14 (Figure 1) Faiirinds 5.5 kw Tnevirdnuasgnndsilidusiou
AUENATa 150 uaz 90 mm AU

Figure 1 Flat die machine used in this study.
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23 MIKAAYIOAUY

nmsnaaasiidonlimadauuaniviisiivuiadusiy
Audna1e 4 uay 6 mm lassrussyingiuadiay 1.5 ke
nunag (@nvamiliunsinssusn) vaviida awsamean
§as1drunsang (Compression ratio = L/d, 1ile L fiea
817109380 uay d AetdunuAuEna1l) (Yancey et al,
2013) I# 5.5 uay 3.5 dwuzdaTitidurinuguinans 4 uaz
6 mm AIUAIRU

TagRudssuviennmionsesiufimududeierdu
z:ldﬁ&ﬁumm%ur-#:aﬁwaﬁmqﬁufﬁﬂﬂﬁmmuﬁiﬂr-haﬁ'u 13
naaawanIngAufuh (Figure 2) Tudhsdufiuansnaiy
Tngldnsduveati 10% 20% uax 30% (ngana) Tes
1fwﬂn‘uaﬁﬁqﬁuﬁwm 1y Mnnaswaui 30% lae
1@ ldinnmlenses 1050 ¢ (70%) maufuth 450 ¢
(309%) saalidiy uazihlUiunsyuiumssn wdwaniu
PYmandeiildluvinliuislaenisiiaunn Wielinandndilédl
Aaduilnazaudenislieudenlsiididanda 30%
(Nikiema et al,, 2013) il1nn’rsm%ﬁm#1’3'111§uuﬁm’1nn15
fawaanyuin wdnsusialdfieudugevinsed seuing 3 s
3.5% Tnenimiin

Figure 2 Mixture of filter cake and water.

24 msveaaeunae Universal testing machine (UTM)
mInadeusiewies UTM  dudunislngldouvieisl
vwwlndiAssiuluurssdouly (a1 10% 20% uay
30% uazuuALAUKIUALENA1 4 WAz 6 mm) lnemaasy
VA 3 wuam fall 23 25 uaw 30 mm dmiusn
daunganinfl 109% Tagaa 18 25 uay 30 mm dmiusaT
daunamini 20% laewna uay 19 23 was 27 mm dmsu
Sasrdrunaanii 30% Taswa (Arwemildiduauem
veawiufivanainiaissdalaslifinisdautas Favili
Aenveseiinmeasuluusiasdeulvseiu) vuin

ay 10 uwvia nadeumsias 1 uis nasnladeuviatnluly
3o insiuusdaluies) g1ty audeuviaiy
uanvin (Figure 3) amen wazuinenitlé

—

Figure 3 Breakage of fertilizer pellet during UTM
testing.

3 pauazInInl

31 ANWaLYSNEARINT
SnvasveanfuTLAluusazduREy (Figure 4) 3

ATULANATINULTE 899 INERTIAIUTBIUNTIRALA1INY 1AY
wu:i"lmiLﬁnﬁ’ﬂéau‘uaaﬁﬁﬂﬁwﬁmﬁmﬁﬁauﬁaﬁlﬁﬁmw
yuuazerninnisuaninlaluvusigaunsladne ns

o o o B B4 | e — =
wdsunsainnpuwianlldnwasyudiuluifanisdym
Tauniy anfidu vausvuddlulunszuiunisainuna
Ysuanhiiundiulvdanalningfuidnwavilulaay
msAnagneluiainidn Jaovdwmalnlindnineiaeas

' - s =& ar X ' 1oy
stislsfinnuluvazdniunisdauvisdenudn mnlidinng
nauutvIenautiseiiulieiavirldiianiiuiaulu
AEUIUNSOALE Fawandliifiuinnisuahiiaudwdusie
nssvIunTniadeuvisedimindsdlailduinisegluuEing
iUz ay

32  AURALIATENNTIUIUNTIHAER
wasnnAnfiunisdaunadeainninulansasuan
uanSusTuaildargnifuuasdniwinnsunsiluain
uia winfnsiildgnuiseanidy 4 wilafe naniweid
auysal (Perfect pieces) wanSmeiTilaildgy (Broken
pleces) WAAAMsTAuuMERIINNTEUINNS (Dust) was
Faniidunnnszuiums (Loss) 1wy snvaukayvasniony
meluniesinmduaiedunszuaunismenss
PnMnantasld dndrundnSusifliligy (Broken
pleces) Huiivdesnnnszuiunis (Dust) wazianiidsan
N3¥UIUNTT (Loss) HiAgannlunng n1smaass (Table 2)
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E - =, & e
NiUauauIInnIInaaedluny (Batch) aaninig
veagfiavaiarbisodlsnilifinfanuionelunios
faluUSuaann

Figure 4 Appearance of the products (from top to
bottom: 30%, 209, and 10% water mixing by mass).

NAmMsinsandnduvemansusifiauysal (Perfect
pleces) wuih Samdrunsnauiivilwldudnfosiaysal
wnnfignio 10% wasSivuindurinuaudnat 6 mm (Table
2) Tnefidndunanusiviliilésu (Broken pieces) Afign

dvfunisuaunin 10% uasiivuiadukiugudnans 4
mm wui Tinansinsifiauysais (Perfect pieces) (Table

q

2) Fwnnansfundniasiludunanietui 6 mm lag
duids ﬁaﬁawLﬂmm'-111n1ﬁmmﬁﬁﬁammwmmgé’ﬂﬁ'tﬁﬂ
vililianunsondatowiiialdddunaliandndiues
wﬁmﬁmﬁﬁlﬁlﬁgﬁ (Broken pieces) gininfiouing
(13%, Table 2) uazfianudululéidaduniiides (10%)
uargSadiflidudiugudnatsniadn (@ mm) vilili
annsadaouwidlddsdunaldandadiuvewdn Susidi
\Jutlu (Dust) figsfia 30% (Table 2)

Table 2 Mass balance of the pellet making process.

Water Product
mixing Type of products distribution (wt. %)
(wt. %) 4 mm 6 mm
Perfect pieces 10 30
i Broken pieces 13 7
Dust 30 18
Loss a7 45
Perfect pieces 20 253
Broken pieces 22 8.7
20 Dust 12 18
Loss 46 43
Perfect pieces 5 10
Broken pieces 31 12
- Dust 22 48
Loss q2 30

§nsidrunsuamiilidndiundafasifauysoigs
dusiaufio 20% LABWUAULANAISAUTEUITAURIY
AUENA1ITaILIuAe uﬁqﬂﬂﬁﬁﬂmﬁlmﬁ (6 mm) aln
wanfusTTin ANy salanimssndefifivunndn (@
mm) Fedenndesiudiunautig 10% waz 30% thadu
msndadusidvuelwguaninldennitvunadniae
annsodunaléandadiuvendnfnusitlildsy Broken
pieces) Safaeuinii 8.7% wisufiu 22% was 12% ey
ffu 31% (Table 2) WSuSATIdLMSHAIIT 20% uay
309% ey Tuduvesnisuamig 30% Winalidufiun
wely Aoldnanfusifianysed (Perfect pieces) /1

3.3 Universal Testing Machine (UTM)
MnRamsvaaauANuLiusewineferias UTM
Anfildandaegn 10 Suluwiazdoulanafudusaate
(Average force, ke) (Figure 5) szstuladnduriugudna
vowviteiinnudAgegranniunmussusinaveale
unis iusugudnansifinuislvgndtentinanuudause
wnnirdiandlunaniimaaside Jouiswum 6 mm
annsaduusalalutin 14 §a 22 ke winndjeuviavun 4
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mm Fe¥uusdlédi 3 8910 ke Tunnideuls (Figure 5)
dufuurieledl 4 mm Woiudadaunisrauthen 10%
W 30% wuldunsaiunsilassainudisu
ANt 10% iliuvisdpansnniuusaadsldgan
(215 kg) #iA1WEN 23 mm warwuinisuanii 10%
uar 30% Winaludnwamdsiiude Weveasuiinnmen
wnfuasilimuseusinatesas Wy dmdunsnami
10% #vua 4 mm wuhmsansaduusinaldtosasi
349% GiauAnueman 23 Wy 30 mm 9Innsvnasd
wuinofindnsnsduntsanin 20% annsofuuse
IndAeaiu (sewing 20 §3 208 kg}Tmﬂ"lwuﬂummuw
'lI'El'ﬂFlﬁﬂﬂm'ﬂ%quﬂﬂ'ﬂ"lﬂﬂUﬂ'}iNﬂﬂu"]ﬂﬂﬂiqﬁ'}i‘lﬂu

30

10% water mixing 20% water mixing 30% water mixing

25
215

~ ‘a0 ] o8 204
20 T :
18.1 :
15 1| |
10 o7l !
0 1 8.1 &N 81 B4 '
i I ‘2l 3B =
g :
5 30 25

23

Force (kg)

Peflet length (mm)
w4 mmdiameter  ® 6 mm diameter

Figure 5 Average force tested on the various sizes and
conditions of fertilizer pellet before breaking.

34 ANUMUIUUYRIJEAUY
NTATNINNIAINNUILLYYTRIYB DALY (Single
particle density) ansomlfandasduvssiminyes
ﬂwuﬁuﬂaﬂimm (nsanszuen) 'uaﬁﬂﬂ%uuu 911 Figure
6 m’twu’umuwaﬂﬂammumqaaﬂwaauuaum 10%
LaLYUIA 4 mm ARINETI 23 mm Elq‘mji 1184 1600 ke
m” Tngarumnwiuesowisdidfiunnmeiudeutnate
ferfisuiunnm 6 mm Wowislefivuiaeniussyilin
ATV MiLanas Sransonulfludunauvenind 10%
way 20% uammmauﬁmhuﬂuﬁna1~11n5qammm Tng
mwﬂmE]aﬂTm'ﬁu“lLLuu‘uEm.jamamnnmmauu’t 10%
vanimilniauavasingAuiaiulzogn 1200 §a 1600 kg
m-3
dlofsaniinisuainii 200 wuiuisedlFidnm
wwLuiindwislefindalaglddrunaui 10%
wnnijeiindnandrusaui 30% sglsfaudmiuns
wani7fi 20% uax 30% wuimumdusuAunanITas
uvia (4 mm way 6 mm) InanszVURBAUVLILLLTEEY
JalAnfireudnlndiAaaiy uanmﬂﬁummaﬂﬁ'ummﬁ%
fuvereiindnlasnsuautiludndru 20% dinaseninu

wumiutiosuin Taslunmsusludaulviiinu
Wy wiuegi 1200 fia 1400 kg m”

dmunswautiil 30%  AAuvuIkLures el
ArIMANAA NSRS kel
nansynURBAIULTessnnnd1eulvluduue
vass winwasilutFanadunuluasiliagg
wuturenjeanas ATumuLLuTesiindalnensray
11 309% 9vagiuszann 1000 fs 1100 kg m™

1800 10% water mixing

¢
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I i I
0 i‘ il ‘l
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20% water mixing

[I
i il s

I ' | ‘ : | | .
¥ = |
1t 3

)

30% water mixing

g

E

Single particie density (kg/m?)
g8 8k

g

E

P:nct Icrethirrrrna

Figure 6 Single particle density of fertilizer pellet at
various size and conditions.
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uwiwsaveawiade namsmuInAIAILLLADART D
funamsvaaey UTM Tundnsiusilofinai 10% uaxd
WWurugudnatiaraueNi 6 uar 23 mm Ay
fio dlaifieuiivunadusinugudnanadienfiu fammuwiy
g3am (1351 kg m )uavmmmiumq‘lmqqaﬂ (215 kg)
wWutdeadu lunsdfinami 10%  wiadusiariiaam
wwtvasaudiedfinvuiaveadurituguinans udiuves
Yoinaumii 20% uay 30% enrueraiuuayyinli
anunsnduusiladosastagiinsdinumunuiulndlfsady
venndudmuitdanuniuresuiidunauvesh
20% TrrAeudreadifulludnvusfniuiuusueded
Jwiniannsosuldlurueniidneiy

4 a3l
uddeijaniufissingAuiiliiduiidenisly

w
=

gramnssunsuanmihnauildiiiinusylovigegafonts
ihmnniensewmandiujowiaielieronisndeudne
uazmslinusiely nsveasmndiunaniimnsauionis
uastif 10%, 20% wuaw 30% vesiaghulasuig uasyin
msdauiseiifivunaduinuguinariasuuinde 4 way 6
mm warnagouauLiusemanineils wui Joi
wAnfidunanveni1 10% Fvwiaduriiugudnat 6 mm
Tindnfnsifiauysafuniigaiis 30% amnsaiuusalaged
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Abstract

Lower Pasak River between downstream portion of Rama VI Dam and ChaoPhraya junction was selected
for river mechanics study in conjugate with an application of MIKE11 model. Both of Pasak and ChaoPhraya river
cross section data were surveyed in the period of 2013 - 2015 in form of 50 m spacing. The model calibration
and verification of MIKE11 was carried out with the data in the period of 2012 - 2013. It found that roughness
coefficient along Pasak river has a range between 0.023 — 0.026 which was acceptable with the statistical indexs
of R® and RMSE equal to 0.85 and 0.62 m respectively. The calibrated MIKE11 was then applied to analyst the
low flow period by calculating the lowest depths in the period of 2007-2013. The result showed that there were
almost water depths below 4.9 m were located nearby upstream portion of lower Pasak River from KM. 30+000
to KM. 51+900. However, the full river bank analyzed from the river capacity illustrated that downstream portion
of lower Pasak River from KM. 10+000 to KM. 30+000 has an average capacity in the range of 517.64 - 630.17 m’
s.'l and was much lower than the overall average with 811.19 m’ s'l. Consequently, the determination of flow
efficiency in both of low flow and high flow periods should consider the factors related to the river mechanics
including water depth, river width, and river capacity in order to guideline as a basis for water management of
government agencies involved.

Keywords: River Mechanics, Lower Pasak River, Mathematical Maodel
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Figure 1 Study area in lower Pasak River.
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model application.
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Figure 5 The positions of river cross section in MIKE11
model database.
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Figure 6 The result of calibration of MIKE11modelin
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Table 2 The lowest depth values analyzed by MIKE11 Model from 2007 to 2013.
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Figure 10 The lowest and the highest water level of Pasak River longitudinal section from 2007 to 2013.
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Table 3 The capacity of Pasak River analyzed by MIKE11 model.

Pasak River Average River Capacity (m3 s-1)
- KM. 0+000 (Confluence of Chao Phraya river) to KM. 10+000 816.46
- KM. 10+000 to KM. 20+000 630.17
- KM. 20+000 to KM. 30+000 517.64
- KM. 30+000 to KM. 40+000 865.85
- KM. 40+000 to KM. 50+000 1,029.31
- KM. 50+000 to KM. 51+900 (downstream portion of Rama VI Dam) 1,007.69
Average River Capacity of Overall Pasak River 811.19
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UnAngD

wndvduduutiiouuslanisiiannsoiivlfusdlonildvasfninisuanens dme nszams n Wudu d
mswanandviuwildlaenislslasladulweeule nsn wiemslimuieuuligumpiadasmsldussgndlimmudou
inmsthuagmanudeuiundn widilinuamddslaiifinsuszgndlindnnsimuseuiuutaiudnsnduiionda

e
o oet o o

wndniulneidniuised Aufuanuidedfdynussadifdodnvantivesulaiudusndsildsunnuioulnelised
Bursunsywismssimandviiy InsautAiatunisinelduiamamin Ansazers Uinaesdsitazanlfuas
Tassahamamenmusadiaulariunisiianufeulassddunsisafiszdugamad 170, 190 uas 210°C Wuna 20 h
iedunansdsuuataniveanndniu Tneutlufudwsmddianutududu 12.17%db  mmsAnwinmsinumena
mosmusadinuidaglindesqansimididnaseunuudesnnauidefiugampiuarnatlumslinaudoudimalvoun
durnugudnasveadiautiudnasedsiifedfameada (p<0.05) rmiinvswtaraniofiugamginaziaailunishi
ANTOU 'L'u'umzﬁﬁﬂnﬁa:mmﬁuﬁuﬂmﬁuQquﬁuaxmmlumﬂﬁmm $ountls 91nnamTiieszinieaiAnuing
gruvpilumslimseusaiuiinanfsiummumiiaasAmsazatefinnuusnanaiusnsiiloddameada (p<0.05)
Tagutleiiimumsliruiigamall 210°C fnswasuwasiirmumiiawasAimsazansnniign nansAnwUinnaveuds
fazmeilfluasavarsutoui Uhnuvewdsiiararmiildvrannsataildideimslinnufeuntvinguani
210°C iunauunt 8 h uasiiAwfingigaiieruly 18 h

AdnAgy: aunsuse, wluludnznds, ndvsu
Abstract

Dextrin is one type of modified starch. Dextrin has been wildly used in various processes, such as, food,
textile, paper, glue and so on. Dextrin was produced from hydrolyzed starch by enzymes, acid or heating at high
temperature. However, there have been not many researches work on the heating by radiation heat transfer.
Therfore, the aim of this research was to monitor the properties of Tapioca starch during Dextrin production by
infrared radiation including viscosity, solubility, total soluble solid and structure of starch eranules. Tapioca starch
samples were heated by infrared heater at 170, 190 and 210°C for 20 h and were monitored the change of their
properties. The initial moisture of Tapioca starch was 12.17%db. The results showed that, increasing of the
heating temperature and time decreased the viscosity and average diameter of starch granules, while increased
the solubility of starch. The viscosity, solubility and average diameter of starch granules of different heating
temperature were significantly different (p<0.05). Total soluble solid was able to be measured when the heating
time was longer than 8 h with heating temperature of 210°C and the its maximum value was about 18 h.

Keywords: Infrared, Tapioca starch, Dextrin

17



Thai Society of Agricultural Engineering Journal Vol. 22 No. 2 (2016), 17-23

1 umi
sudends (Tapioca) Jadufiveglunsena
Euphobiaceae fFan19ine1A1aniin Manihot

esculenta Crantz. (William et al,, 2009) fugnzunda
aninilultluniagramnssuldegavainuaielag
dunnifudsndagmilundauudaiudnsviadiold
TUMIAAMNTIUANT LU 875 FaMa NTYATE WALAT
Wusiy (William et al,, 2009) Uszdlnedsesnutiaiy
dusndrguiudusumilivedtan Ineflyadnisdiesnni
63,000 a1uum wuallunisasesnutsdnuls 21,000
duum (aunauulsfudnzwdalne, 2558)

wngvisu (dextrin)  Aoinduudsfnuusviinniaiild
nnstalasladutaunsdiudeeuled nsn  Auioy
wionsnaufuauieu lnefidnsusnlumanifoaii
wurednndn 30 pm (@881, 2557) Taevalumndvuuys
panlmdu 3 vliafe ndvSuam (white dextrin), 1ang
visumiaad (vellow dextrin) waru3#vAu (British gums)
FansudmandniuusasUssamiuiuegfunssuiuns
HARTILANENaY Iﬂﬂﬁuﬁwuﬁa msuaangnIuilalag
nslviauiouenud (heat treatment) Wutian 10 fa
20h TegIsmsiverusanatslunistenuiouty
\nde7 (extrusion)  wazfwanwdsuanuiouludnvue
M3y (vat dryer) figaamgii 100 fia 200°C Sauiuasa
uiisefifunsa wu Tuml (caustic soda) uazueusnd
(borax) Teefinswdnandviurilderuieuguugiin
S iten msndamndviiumdesligumngiivigs
rusfusiisenieeninandviuen dmiumsuaau
Fhviuldmnudeuiigumgiigelaslilidiseuintenly
seninnsEUILnTs Avounndviudildsundinisliaiu
foutuegiugaupiuazianiililunisliauiou Tas
erauazgangilunisinnufeuruutafiudu dwa
Taveunndvuiimudvdmdossudahmaduinniu
(Radley, 1976)

autivluveuandniude faramintoanituls
avargldalutudu faruanunsalunisfudadufioy
ﬂmﬁuﬁ'ﬁﬁaxmaﬁﬂﬁﬁ wariimuduniia (Radley, 1976)
ilrangniugnirluldluntsedndudidsznauves
aIsuasniafuRUssianiug 1y tenauidu
duusznavrsssdaiisliiAan1siaineAuitures
dhunausneg iensudaussyiusiannszas ens
nannIAnwanud Wemsndndme Lﬁﬂlﬁuqﬂﬂmﬂﬁu
wileaus ondndih wasiienanmenliiv Jusu

Fadsunsusmdumsmienirudeuguuuunisves
Aduwimdnlui anunseadeaduainusouiiniuen
pALUSTINW 0.76 pm — 1 mm ludnearnsunsiedg
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TmpTinmuasingnianisinens (gvsde,  2554) 533
dunsusagnminlulduselovilunisuysjuuazidu
ASTUIUNTHERLUGAATMNTTUDINITUAYNIINYATEEN
uwWinane (Hanamaka et al, 2006) #ifin1slimnudeu
dWeiiundy sa ARty wulugraunssuuness uaznns
puukITagriansinuas uarfivayulns tiedistds
ansdrnlunsavuis dewSeudisunslianudaulag
Td5addurssanunisivanuseulagnisiiuaznismn
AU wulnmshianuisulaelifiddunssaiian
funsrdvsnsiemarnieugininshimmuieunsh
warn1IWIANIaU (Nowak and  Leweciki, 2004)
venaniatildlunisliannuieudundt naslieny
fouiinnuadane fuszansamlumslviaiusouas
gunsaifilfuianuSeuionasussndandanunnnd
(Krishnamurthy et al., 2009) Falaavialunslianudou
lunsudamndnivarliguniainisdremanuieunuy
msthauiou Wy wiswsaindsuandsuanuioud
Titunielovdusinanslunsuandsuanudou
(Radley, 1976)
Tutagtunmsndaandniulaglinnuiausinied
dunsusadaliifuiiunsvans swidedfaliqausyad
WiaflawyhnisveaeuauRveuandviuiiiiunisliaig
Joulnsadoususanuutaiudevaslaun Taseadna
vaadiauils arnamile Anisazane wasySinavewdd
azanenld esenauiBmarilusdalumsiand
viululdlusufiunnsnady nsfnedinginas i
WU lUNIIARILINSZUIUNMIHAMANGVSULALDaNLUY
msuaalusziugRamnssuFaly

2 guninluayiims

21 uthwiualznas

wilafudgndannlsanuutaiulneh Janinvays
Usundlneg ﬁﬂLﬁuﬁLmﬂzﬁmmmﬂ?ﬂu%ul."s"nﬁuu“lﬂigﬂu
(AOAC, 2010) §1u2u 50 Fogha nuiilanudutudy
Wiy 12.17+0.15%db

22 misbianuiauudaiudevaniesadounsusa

Figure 1 Cylidrical chamber for starch heat treatment.
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gunsalluntslimufeunduiudzndadmivlums
vaaesnied uandlu Figure 1 gResnuUULATATIITY
wrziiisldlunisvaaes fdnvusiudamuaanse
ns¥UeN LEUHUALENAN 0.25 m ANENT 0.6 m 13ly
ety wdleglivewnasoun 24 v ewdey
uladiudruenas Usune 5 ke
mdalyl 850 W 97u7u 2 vaen awnsauiuauiisey
Tunswyuldlaadsumu (Potentiometer)  uaU3u
madlnlunsunsddunsusadiendesauaunsvualv
anuuadudaiudewda 5 kg Uszanu 8 cm Tuds
v3ansEUDN 1n1sWAANEY 1 S8UNNY 5 min finn
gamgll 170, 190 uas 210°C @ waIAU Uasvimsgu
Methafioummautivesdaiududmng 2 h lag
T Fouutlufudwswdathunaniomn 20 h

ar L Y
MIEUNADATIFTUNIILIA

23 msAnwlanasnveudauds

n1sAnwIlATsaIuaraudsmigvendautsfine
Inglindasganssaidianmseuuuudesnsin  (Scanning
Electron Microscopy, SEM) Iﬂﬂﬂ’]'iii‘llﬁ')’aihﬂ‘iﬂmfu
ihluauiedeuneuiielifinuautitilnihieindes
Polaron Emitech (Quorum Technologies Ltd., SC7640,
Laughton, UK) Mnthnidaeedlunsinaeuiisinies
Scanning Electron Microscopy (Carl Zeiss Co., EVO
MA10, Oberkochen, Germany) 3gAuf1&IvE18 1,000
111 ATAANIANELTY (Accelerating voltage) 20 kV

24 mMMIMIAIIUMIIR
FBn1smanuniinlaanulasisnisves Bello-Perez
et al. (2000) Tnevhazanwamiy 25 ¢ Tuthadu 500 ml
ihluleudeutiisliinnisiadluedulusni foud
gamgd 90°C 1Hunan 30 min Tnefinsaustraiias

nnuulaeelvigumgiianauis 25°C Inarumilalagly

\A3pe¥nAumila Rotational Viscometer (Brookfield,
DV-E, Middleboro, USA) fianui3a 100 rpm Taglivain
VLAY s61 Da s64

25 mMIMIAINITEEaIE
Fen1IvAInsazaneinlapa13833sn1398a Dubois
et al. (1956) InemSouudaussanm 0.02 g (wy) vindu
arsazateuta 1% (wiv) ﬁwiﬂuﬂuéwﬁﬁwﬁqw&ﬂ“ﬁ
90°C 1flurian 30 min MntuldeslFansasanedusias
wasthasavanewaslumaeauiesnn 2 ml fnsu
dmidn nduilumisefaendes Microcentrifuge
(Labnet, Spectrafuge 7M, Mayfield, USA) s
5000xg  t¥ua@1 30 min "i]"lﬂﬁ;uﬂﬂ'tlﬂﬂmﬂ']ﬂ‘ﬂuﬂulﬁi
nwuvmm'muwunuaauﬂﬂﬂuuqummu 100°C 1y
181 4 h wdnhlufalminlddudiurewdefiavas

1% (wy)  ndudnimindlalumuadinisasanesii
uansluaumsi 1

mnsazans (%) = % x 100 (1)
1

26 mIBuIeiiasarenile

BnsAnntiuavewdiiarasiimmeasulag
9198938n715%89 Sarifudin and  Assiry  (2014) Tagly
asavatsuta 10% (wA) 9ntunaaeulasld Pocket
Refractometer (Atago, Model PAL-1, Tokyo, Japan)
Tneendilasimizedu %Brix

27 MITIATISVRAY NATA

1IN i":’i.'ﬁ'uwumwﬂaamuu Completely
Randomized Designs (CRD) TAT18MANUKUIUTIUNT
LB One-Way ANOVA (analysis of variance) fiszdiu
anudatiudasay 95 (p<0.05) uarlinsisauLAns1
2839AABMETE Duncan’s new multiple range test
(DMRT)

3 nawasiensol

31 wansAnwlasiasivediauls
AMmyeEnsuanIguInuasaudsmevauiauia
sysumAuarulsiilasurusauuandly Figure 2 Wuriny
AudnanuedeesdiautssssumAtidiiy 11.39:3.22
um @anAaadiuIuIfeues Defloor et al. (1998) |
senuivwneyniavauiauiuiudzndadidnviniu
9.5 fla 13.6 pm lnedigusradunssluaznsanauvuiadn
INMIATITABUAIY NGBIaNTIAIBIENATOU (Scanning
Electron Microscopy) wuiuidifuiaSousasiisesuen
\Entios WoaudalfSuanufeuiuiveutdiiui
weruiuiasinsesuenanauiou Tnefisasunnuay
nsusniuvaadiauteinntuidiefiunauazgungilu
mslimnudou sradumssudsgadsanudunsly
dinutedailiRansusiiuasifinsesuanunuiuia
ffudlafiunauasgumgilumslianudou ulsdad
dnvaignsuaiauasiivosuanifiuuiniu deandosfiy
NI Katz (1934) Menuihnsivanuiauuthand
figampiisnnin 120 LiidawalwAnnisivdeundas
Tassadvaauds uideifiugumgiilumshinuioud
ulsfudrevdsansagadundsnuainuiouninnda
210°C szdwmarensidsuuladlassairvadinuiafin
anudemeludnuuzivinbilasiaiavesluanaiinas
\insnnamefiveaiuszifiauis (Thermal  reaction)
wazwavenisiasuguugligaunniiuludinalv
arilulainsalufinudadnufisenddinia
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(Caramelization) Anwaugn1suldsuntasmanii-nenn

= = [TV | ar o s '
yaadinuts Walasuaduauiauannisd@dunisauinnia
viulvdanalddinutlaflvuinanas weassinalusay
dgufufiinaniesyilmiieiateiussvodldenvedin
wdlviduas IneAnadeduiuaudnasvedduianauls
anaadiaiunmuazgamgilunisivausoudsiivansly
Table 1

Figure 2 (A) Natural starch, (B) Heated starch at 170°C
for 20 h, (C) Heated starch at 190°C for 20 h uaz (D)
Heated starch at 210°C for 20 h.

3.2 WANTSAAWIATILUVER
= we s = =
auniaiduanddfiiiaannnisidaunlaania
-:l' o v e ot :-'
menmyawts Weauwtilaiuaruiou Wauwlasgaduin
waztfinnsnesiitullesniusslalasisureaduanagn
vane legdinnsnesianuasynlwmituiionseuq deuds
a W P = = JL:V . B Vo &5 o

wideluspal Wawtsdurdauiilaeinyii A uviaty
(Zobel and Stephen, 1995)

20

Table 1 Average diameter of tapioca starch under IR
heated for 10 and 20 h.

Heating Average diameter
time (h) (pm)
Natural - 11.39+3.22°
Starch*®
170°C 10 9.56+3.40°
20 9.42+4.40"
190°C 10 8.IT+3.7T"
20 8.41+4.03"
210°C 10 8.37+3.65"
20 7.64 +4.22°

Superscripts indicate the statistically non-significant
(p<0.05) for each column.

*Natural starch is definded as tapioca starch that is
not heat-treated.

miAnwmAuninvesarsazarsutalaviinisiaan
aruvilavowiliiiléSuanudeusinvasniidsursusa
N9 2 h Wuaan 20 h ﬁqmugﬁumm—mﬁu Tosfinau
wilnSudureudadidnviafu 3,079.6+93.5 cP nan13
VAABILARIAA Figure 3 uay Table 2

Table 2 Vicosity value of heated tapioca starch under

IR heating.

Heating Vicosity (cP)

time (h) 170°C 190°C 210°C
0 J3079.6+935  3079.6+935°  ,3079.6+935
2 .2864.0:27.8° 273122407  _2274.6+157
il ,2335337.4°  ,1765.2£131°  _1293.0+46.6°
6 J1560.6:100°  ,3311.0:246°  113.7+3.20°
8 .711.8+6.60° 102.6+5.00° 31.3+0.20°
10 2590.9+17.0 £87.80.80° (15.3£0.10°
12 017.4£6.60° 670.2+0.707 11.7£0.10°
14 ,3257+24.1° £36.8+1.10 .10.2+0.10°
16 ,287.3+27.1% £28.1+0.10" 8.9+0.10°
18 ,249.0+3.40" 621.0+1.20' 7.5+0.10°
20 ,147.9£0.70 420.5+0.10' u7.120.10°

Superscripts and subscripts indicate the statistically
non-significant (p<0.05) for each column and row,
respectively.

nansvaaswansliifiuInilofinnaasguvgiily
ﬂ“|ﬂ.ﬁmﬂm‘%’auuﬁqdwa’tﬁﬂ?WMHﬁﬂﬁﬁﬂamaqﬁﬂﬂqmﬂqﬁ
n1slimuiou Taanisanasvesanuviinveautlef
guvgiigaiiingenindidiianilurisusn wdniusn
arumilasuiiiasediaiiuldtadislrausouiuutid
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sefiugauugll 190 uaz 210°C aWNH 6 h 1luduly
dwiuiigungiidn 170°C  Aanuviedidnwasang
Wasuwasmunansinfeusudsniuiigumgi
190 uaw 210°C usdlor 8 h  Tuudanfudasnmsms
anasvesAuuilniiaranasmuiiainisiialwsoud
Wity

3500
=C=170°C

== 150°C
==210°C

3000
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viscosity(cP)
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time(h)

Figure 3 Changing of vicosity of heated tapioca starch

under IR heating versus heating time.

anumiatiasaafnainTuanaveutfvunaidnas
doutlsldFuanudoy vilhideutlmasianzaadui
uituseus diautladosdinalinrunileiidianas
(Zobel and Stephen, 1995) waneniigiistesuves
aluwn uavamy (2555) Aildinisiawdsudsdnamiien
sesadlulasinilunisl¥ausauiiolilédngn fuais
anuAsaRemsAugUNEenud ity Taoulsirmie
sauusanfuiolilasivifinuantAimaniiBaiandd
wasuwasluanulaiiliiunisdauds Inefidguwnd
Sudunsiie wanfiluedu uavAianuudusiveaaa
gy uidwniweifunmmilranasiioFeudio
nuutatnaumielund
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Figure 4 Changing of solubility of heated tapioca
starch under IR heating versus heating time.

Table 3 Solubility value of heated tapioca starch
under IR heating.

Heating Solubility (%)

tirne (h) 170°C 190°C 210°C
0 ,0.56+0.63° 0.56+0.63 .0.56+0.63°
2 p.80+3.92° .17.97:7.82° ,23.30:1.84"
a p11.47+7.56°  27.30+2.68" ,37.08+4.45°
6 b1630+173°  .46.68+4.27° ,47.0128.13°
8 22804216  ,47.88+3.75 ,60.92+3.52°
10 2641+6.19° 48984352 ,73.90+5.86"
12 2837:096°  ,51.96:0.12°  ,80.72+0.58™
14 2922+501° | 66.77+749"  8588+549™"
16 3173:187°  ,7300:246"  91.81:1275°
18 A360£397° T4.63:3.48"  9296:732%
20 .48.08+9.98" o77.26+2.92° 97132262

Superscripts and subscripts indicate the statistically
non-significant (p<0.05) for each column and row,
respectively.
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vouleiiléFuarusouiigumail 170, 190 uay 210°C
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AN 8 h Jwrdmaliuduiavediiazareinlduas
fenfivdudiediunarlunislinuiou Weewnanu
Youiiguungialiauisalalasladluianavesiusy
lolasiuvaautald (Harper,  1992) Wsunauvaeudedl
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avanenldvesndiwanmadalinuiauiigumgiia
Wunawm

Table 4 Total suluble solids value of heated tapioca
starch under IR heating.

Heating Total suluble solids (%)
time (h) 210°C

8 i

10 1.20 +0.08'

12 3.53 £0.05

16 4.87 +0.05"

16 5.00 +0.14°

18 5.47 +0.05°

20 5.60 +0.00°

Superscripts indicate the statistically non-significant
(p<0.05) for each column.
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Figure 5 Changing of total soluble solids of heated
tapioca starch under IR heating versus heating time.
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Abstract

A rice combine harvester has an important role in Thai rice production and has been popular in Thai
farmer. Almost Thai-made rice combine harvester is too heavy and large in size. Because the track frame of Thai-
made rice combine harvester is a main component that affects the harvester’s size and weight, the objective of
this research, therefore, was to investigate the track frame strength using both the finite element method (FEM)
and the loading test with experimental frame. Similitude analysis was employed for determining the proper scale
of experimental frame. Two field work conditions of the harvester’s header were selected namely horizontal
position and maximum lift position. The FEM results showed that the maximum stresses of those conditions
were 91.1 MPa and 91.7 MPa, respectively, while the maximum deflection 2.313 mm and 2.355 mm, respectively.
The experimental results from the loading tests confirmed that the strength analysis of track frame using FEM
had a high accuracy and could be applied in practical use.

Keywords: Rice combine harvester, Track frame, Strength analysis, Finite element method
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Figure 1 Location of weight measurement.
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Table 1 Material property for FEM analysis.

Property Mild Steel
Young's modulus (GPa) 200
Shear modulus (GPa) 79.3
Yield stress (MPa) 250
Tensile strength (MPa) 400
Poisson ratio 0.26
Density (Mgm-3) 7.85

Figure 2 Mesh of the track frame model.
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Figure 3 Loading test set-up.

(b) Maximum Llift header position.

Figure 4 Direction and magnitude of external forces on
the track frame model under two field work conditions
(digits denote forces in Newton).
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(b) Maximum lift header position.

Figure 5 Stress distributions on the track frame model
under two field work conditions.
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(a) Horizontal header position.
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(b) Maximum lift header position.
Figure 6 Deflection distributions on the track frame
model under two field work conditions.

(b) maximum Llift header position.

Figure 7 Direction and magnitude of external forces on
the similitude model of the track frame under two
field work conditions (digits denote forces in Newton).
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Figure 8 Stress and deflection distributions on the
similitude model of the track frame under horizontal

header position.
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anmymssuuisfinnaureniadily uaskanssnursnnudsunlamesantidsiaumansvaniodluauuie
Amsdimed Aemadne ((*value) Arnududuniden (a*value), Aanufudviesthiy (b*value), Aeny
uansnadsa (TCD) uazdednsiduiinig (8) mslwsiuuuansesiuisilimemummnyaurauuuiaeteuis
WU 3 UUUTIad AD LUUTIABINALIAAIANIIDIT8Y Newton, Henderson and Pabis Way Page Han1sAnymuin
LUUTeS Page annsavisnmsdsuuasinndumiurendedilosuwitldmnyaniian Wosnlirdu sand
myindula (R) gerign luvauzilirnlamidsass ()) uardsiniiasswesrrurannindouindiaeaede (RMSE) fisan ua
nsAnymansenuresguugiuuuiuien uasnsligumgfluvuvaeduvesniseuusiadedilonuin nseuiiusilold
guuglinuumaneduinisligumgi 80°C Whuaan 2 h musegamgi 70°C duasmeiivanyalunisinniveadedly
QUL (L*value)  uazArndudvdesun (b*value) wnndanzdy ualidunder  (o*value) uaziian
Browning Index a1 yildiidnuaususingdudledlednes

fddity: dlueuniia nseuwiwheaieu n1ligumgiuuuiude nsligumgiuuuvaisty

Abstract

In this study, drying characteristics of peeled longan fruit underwent the laboratory-scaled-tray drying
system. The drying conditions of single-stage drying temperature were 60, 70 and 80°C and multi-stage drying
temperature for 80°C (60 min) followed by 70°C and 80°C (120 min) followed by 70°C. The drying rate of single-
stage drying temperature required to reduce moisture content of peeled longan fruit from 8.64+0.34 to
0.11+0.03 Suarer Say mm,'l was 0.0078-0.0203 gyurer Sary m,e,'l*min. Whereas the drying rate of multi-stage drying
temperature were 0.0138 and 0.0189 Suater Sary mm,'l*min. To evaluate the drying kinetics of peeled longan fruit,
the obtained experimental data was applied to thee mathematical models (Newton, Page and Henderson &
Pabis) and the model with the best fit was determined. The results showed that the Page model could describe
the drying characteristics at the most satisfactory level because it gave the highest coefficient of determination
(0.9361-0.9980), the least chi-square (0.0585-0.0005), and the lowest root mean square error (0.0193-0.2379). The
drying conditions multi-stage drying temperature for 80°C (120 min) followed by 70°C was suitable for color
retention of dried peeled longan fruit. The results of the color changes in CIE-L*a*b* of dried peeled longan fruit,
(*value and b*value was hightest however g*value and Browning Index was low. This trend shows dried
peeled longan fruit in gold color after drying.
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Figure 1. Diagram of the tray drying system.
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Table 1 Mathematical models given by various
authors.

Model name Model equation
Newton MR = exp (k t) (3)
Page MR = exp (-k t) (4)
Henderson and MR = aexp(kt) (5)
Pabis
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Figure 2. Photography of CR-400 choma meter (Konica
Minolta; Japan).
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Table 2 Drying rate and SECs of of dried peeled longan
fruit.

Drying condition Drying rate SECs
oot S 10 | (/G )

60°C 0.0078 2536

70°C 0.0152 23.17

80°C 0.0230 22.90

80°C (1 h) 70°C (9.0n) 0.0138 17.64

80°C (2 h) 70°C (65 h) 0.0189 15.01
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Figure 3 Effects of single-stage drying temperature on
the moisture content of peeled longan fruit change at

any time.
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Figure 4. Effects of multi-stage drying temperature on
the moisture content of peeled longan fruit change at
any time.
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Table 3 Regression coefficients of thin layer drying models for single-stage drying temperature and multi-stage

temperature peeled longan.

Drying Condition

Rz X ox10

Drying Model o) Drying Model Constants < RMSE
60 k = 0.0023 0.9748 1.97 0.0438
70 k = 0.0035 0.9842 1.54 0.0386
Newton 80 k = 0.0068 0.9955 058 0.0233
80" and 70° k = 0.0203 0.9361 585 0.2379
80° and 70°° k = 0.0273 0.9761 3.01 0.0630
60 k = 0.0049 n = 0.8777 0.9927 155 0.0384
70 k = 0.0071 n = 0.8740 0.9841 1.11 0.0321
Page 80 k = 0.0073 n = 0.9997 0.9976 0.43 0.0193
80" and 70° k = 0.0926 n = 0.6324 0.9408 15.34 0.1195
80” and 70%° k = 0.1392 n = 0.5743 0.9863 1.32 0.0412
60 k = 0.0023 a = 09782 0.9905 201 0.0437
70 k = 0.0034 a = 0.9747 0.9923 1.53 0.0377
Henderson and

_ 80 k = 0.0070 a = 0.9989 0.9980 0.67 0.0251

Pabis : z
80" and 70 k = 0.9192 a=09194 0.9573 30.24 0.1681
80° and 70*° k = 0.0250 a =0.9394 0.9792 276 0.0602

WUU91809789 Page  fimnumuizaulunisvinuieuin
i J i 2 1 i i ]
Vign WeaniiAn R Tuwie 0.9408 - 0.9976 FaflAnuinnin

wwudiaes  wawe Y uas RMSE fiAnwindu 0.000043-
0.0015 uae 0.0193-0.1195 Fafidtfasniuuuiaeond
3Aava1 Newton Wag Henderson and Pabis aannaaanu
F189TUTIBVBINITANVINANTLNUTD I DI UNAAIERTNTT
auwiimniifonsndn, senifingae Wivsewr was uxde
WALy wuisuusianeuisda Page funzaulums
vmnesasnsasuuaimuiy (qnade; 2558, Uaana
uazAue, 2556 uay Abano, et al.2011) i‘]ﬁﬁlﬁuﬁmuﬁﬁ'ﬂﬁ
Anwuvuiasueniizdaildlunisinuenisudsuulas
mm%u'naﬁﬁqmqmvmaﬂuﬁmmmn wazuuuIgDd
uBAaMenIsUTulAs (Curve fitting) WuudnapIBLNIAR
wuugnuay (Hybrid  model) %atﬂuﬂ”li's'aul.mﬁ"mﬁwaq
wuustaesdwdnlulisiunisyine wu Midili et ol uay
Logarithmic agnlsfinunuuitassieuiizAauuugnuay
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Figure 5. Comparative of mechanism of optical properties change of peeled longan using single-stage drying

temperature and multi-stage drying temperature.
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60°C

70°C

80°C

Figure 6 Photosraphy of dried peeled longan fruit using single-stage drying temperature (60, 70 and 80°C).
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80°C (2 h) 70°C
Figure 7 Photography of dried peeled longan fruit using multi-stage drying temperature at 80°C (1 h.) follows by
70°C and 80°C (2 h.) follows by 70°C.
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2555) nslgaumglinuuiuideifigumgiiinnersszddlna

= aa

youdodlofuddadudeninuiiisuaariaudiido
dudafigauyumineiunisiudseny

Table 4 Impacts of single-stage drying and multi-stage drying of optical properties (CIE-L*a*b*) and browning

Index (BI) of dried peeled longan fruit.

Drying condition *value a*-value b*-value TCD Browning Index
60°C 39.442.6° 161+19° | 205+34° | 229241.20" | 22924127
70°C 31.6+1.8" 223+1.4° | 176219 | 2696+274° | 2696+2.74"
80°C 17.5+3.1° 36.442.6" 14.62.7 43.38+a.51° 43.38+4.51°

80°C (1 h) 70°C (9.0 h) 41.242.1° 132417 | 223426 | 22314145 22314+1.45°
80°C (2 h) 70°C (6.5 h) 45.3%+1.9° 43+17 34.14+31° | 20641085 | 20.641+0.85

Superscripts in different rows of each column show significantly difference at p < 0.05.

TurariinisliguugiigafasildiAnddiadiain
Uiiserimmwalaviusaznisinduturesdeiioes
Tan uAfisasniseuwiaiifindnasldgaumgivh Fuiuds
iRnmsimumaiianiseuuiilngldgungiuuunaisdy
Tnensligamafiduneuusnliguugiigaiiosansunsves
snarufuneanasasludedlusoniniiudedlelng
lidwademisaliinufigeraiswalsiwdy sinmiuan
gangladlussiuiiansainnangamsaamnan ity
vosasazawiinauiledlouaysemesananidedily Tag
Lilvidaduduvewdsiiiivesian

smchevaaiiedlsauuisieitnislfaamoiiuuudy
ifnvosmseuniaiediled 60, 70 waz 80°C uaznsly
guugduuuvansdu Taonsliguugf 80°C Wuan 1 h
sudegamndl 70°C uaznisldgamall 80°C a1 2 h
susegumall 70°C muddu (Figure 6 uas Figure 7)
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nsldarudugs  (HPP)  HuiBnisusguailmivesnsdunmasigidvinvesqiunidluemsiianusaine
Audnyny aulfiniinionn uazantAimassamdudavetemsiignuuszudienisld  HPP anunsainw ndu A sa
ndifgtesan nsldmrmiugaiuisnsuusuuuuhildanufoudaiumaiiansousuemsiiannsadudeqaunisd
liAslsauavifusunmeaduilnn uasfimmansolumahasaveivesgdunidivudeuludnldfiniimmiaes
ledigdusenudou m‘ﬂ'ﬁ'm'mﬁuaca”w'ﬁm1iuﬂﬁ§ﬂﬂ~1ﬁui&ﬁuﬁivﬁu nslgaruduguiunisudsglemnslaelily
anuFeuusifumsldanusugendianududisyéiu 400-600 MPa i 58,000-87,000 psi Tunmiaeqauntd n1sus
E‘Iﬂ'ﬂf;lm'ﬂ‘Uﬂ')"r?Jﬂ‘Llﬂﬁ‘lﬂ.FL‘IJ‘lJL“r’!ﬂUﬂnﬂ'ﬁﬁ’]ﬂLﬁJBﬁﬂﬁl‘ﬁ'ﬂU“j"UULEJ‘iJ parUszneuvan1sly HPP duszUszneuse windws
pwnsluussgiast, waugaildussgems idnandudsiendarunasinussdy uasedosiidausdulelasawnin
fausd aa. 2000 msldmudugeuszaunuddslumsussuomslussdugamnssuegiaunn aunsatiesnwany
an ndy uazsanaldlndidsaivemsansufuiuinsredunaden Sadumsudsgumadeniannsollusziumauny
msuUsgusemudeunuuiasy waemsldmanilumsousuatms

Adhdny: msldanudiugs, wawesilsdsyuudy, nsudssvadisln

Abstract

High-pressure processing (HPP) is a novel method of food processing to achieve microbial inactivation or
to alter the food attributes. The unique physical and sensory properties of HPP processed foods offer many
potential cpportunities for food processing. HPP is a nonthermal food preservation technique that inactivates
harmful pathogens and vegetative spoilage microorganisms by using pressure rather than heat to effect
pasteurization. HPP utilizes intense pressure (about 400-600 MPa or 58,000-87,000 psi). HPP is a cold
pasteurization technigue which consists of subjecting food, previously sealed in flexible and water-resistant
packaging, to a high level of hydrostatic pressure (pressure transmitted by water) up to 600 MPa (87,000 psi) for a
few seconds to a few minutes. Since 2000, HPP has been successfully implemented in all type of food industries
worldwide. HPP is a natural, environmentally friendly process that respects the ingredient and helps maintain the
fresh food characteristics like flavour and nutrients. It is a real alternative to traditional thermal and chemical
treatments.

Keywords: High-pressure processing, Cold pasteurization, Novel food processing
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(Da-Wen Sun, 2014) 1514 HPP Wumsudsguansiag
Tail¥A1u3au (non thermal processing) watdlunisldnan
fugendinATuALUITEINIA (400-600 MPa) Famrusuiliy
wf'ia’luﬁ’;uﬂiﬁe‘hﬁmﬂE}aﬂﬁrﬁﬂ’m’wmﬂﬁnlmmﬂndawa’lﬁ
Aaeu (work)  ieluszwinanisnadalusywinansli
AR (Pressurization) meldanTe Adiabatic heat
dwarensiiuvesgaumgilussuudosinnszanm 3°C de
msifiurudy 100 MPa Fusgiussdisznauuasems
wirrwiauiiAndurasnisulssusensld HPP  geme
PnsEUUiui fiinsuivanmzanufunduidigaiiudiu
UnfivieAnufuussensnia (Farkas and Hoover, 2000)
uazlinadelassainuuaznszviumimsduaiviliiinns
Wasuulas ievhaneydunisiiiuamamensidendy
¥83987%13 (microbial spoilage) 9duvignalsn (pathogen)
wenndeudugedaiats ouled duamgliiians
douderesemns  Tufiavefuasieovluifilieinslu
pwmlaglifinasansiudsutuasnunwesienis wasi
Wonnsiiogmafushviumdu nswszuse Hep fiua
WguiApadun1sudsjuemisalead1uiau (thermal
processing)  SrAUNIIWIAIRDILSY (pasteurization) #78
Wlinnudougs _endu (HTST : High Temperature -
Short Time) uavdmiupmsiiinanunsa (Acd foods)
vielidn pH < 4.5 wuinsv@viamvenhmeyauidl
ﬂizﬁﬂ%mmﬁﬂuwi'm'izmumiﬂhﬁﬂﬁgmﬁgﬁqa (Ultra-
High Temperature process; UHT) mswymmmﬁﬂmﬂ
avaiveqdunidlivun LLEJ')"Iﬂ‘in’lHﬂ’]‘iuﬂigﬂ HPP 1y
msmwmaqm’Luﬂ'm'm’mﬁuwmnﬂmmﬂigﬂau wndia
10-30 wi1 wrvrlinanauunuFluszeze eaanniy
waluladiiaven Snwiamnmyesemislususiieg way
HAmAsiTiIuNSWsIURe  HPP fimwan ndu @ saf
IndiAbasssund mlvindadus Guiidenisveuilon
uagaunsatiuyadvendndnsilaiiuegned (qste,
2558) p1nITHwMIIUIIUME  HPP  waxldFunisen
govinllu Super foods FnegmsuTRINMSUUTIVR WS
ansoafayadiiuiulddmaliAansiouasiau
wAnTusiuUsgURemeTulad HPP snfulseussmadiu
{uszmausniivszauanuduslumsinnelulad  HPP
lumsuuszuemslussivgmamnssy uasunivnaralud
nguussvaluannmglsu edrlainnunisldaiudugs
El’qmLﬂumﬂiu‘iaﬁnﬁwsgﬂﬁﬁ'ﬂlﬂwiﬁmﬂumﬁ'nlu
U'i...mﬁlwﬂ muuwmmwﬂmiﬁﬁ'aﬁiﬁﬂﬂiwaaﬁ'[uﬂﬁ
swsmiomenunanide wnasmeenisideds
TundeuFsuiiom Tavusznaundnnis uaznalnnas
iaegauvidmemalulad  HPP  wavesndudiugne
Ufiitendualiuarannneaie s sauiimsidisuiisy
funsuusgusineauieu ietduuuamidmivdeiu
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msfegnannlutlaatedfiiua waluladnisldusedy

g1 (HPP) 1hiAEmsmaweslsdiiliusana (usad) naumy
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Figure 1 Schematic of an HPP high pressure processing
(Source: Ferstl and Ferstl; The National food lab,

2013).

msulsglagly HPP Tinamiloudiumslimusaulu
msuussUsmannsaviiaegdunigiiduaimauans
wWdevesens Uszneuludmedaduazuuaiiiensaua
afn wazdisliawmnsliiinulasndeiulaenisitay
\JeqaunidivinliiAnlsa 1dy Escherichia coli,
Salmonella Ua Listeria monocytogenes ﬁaﬂﬁmmqm‘i
uinyendniufiomslasihwinunmusems uas
anmsrianeauAMTaIRIAUTEneuid Ay luevnsties
N1 19y 3andiu savid uard Feavdaslinisuusgy
wanfusTludnuariiipunminioufuresan Ferstl and
Ferstl (2013) lsiadurediutsznavvesgunsailunisaing
sTuUANAUgIUsEnaUde Tuusadugs dvenedyno
fmnanalumsdiendanuna uardausaiuge (Figure 1)

3 nalnmaihanegduvssdenszuaunsldanuduas

31 HARBMISWEIUULUAMIMEN THYBIgaUNSE
nsiesqiviavewadqdunidiinnuduusseinie
(ArwsF 0.1 MPa) Hufinalnnisnisuisd Tneduainms
a3szvuidulovensad (Cytoskeloton)  wislulasilan
i (Microfilaments) Tawadyaunse Weszuumsata
dilevenvadanysaifaningliunsuntuysiivesgaunis
Frfudnnugiurididiuiuegiunsaiuduloviolilash
anwvivegaunid Fomanslulasfiawwiuiadudusg
nsuaduruedussiiamsahadulovensadifusuy
wnn Fdumnnslilasfianuuifinisuisialudnuas it
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AueAsilinsuiresgdunidfsuiudennia
MSANYINANTENUTBINIS ITAUAUEHBNTIFUUNITAT

wuloveawadqauv3d ves Escherichia coli wuiimala

mmﬁ’ugaﬁmmﬁuﬁ 40 MPa wu31 Escherichia coli fims
aSssvuidvlovengadiitivunne1n 10-100 nm uazlilas
Faudfifinanmadsunlasasanusuidnunsdu
\wadifeIiliiiudes (Single unsegmented cells) Ay
ez 0.6 pm dlawSeudisuiuwaduunaund (1-2
nm) Sailvunmidundi fajunsudaives Escherichia coli

melamusiugafinnuiuasiianisuisiuesgdunidv

FIIUNENTI AU LULAEIAUNANTENUTDILT
ANNAURRYAUNTE Vibrio  spp. Jradaflawuditwe
17 5-8 WiveuvadUnAfiasdl 1 atm @2u Bacillus
mycoides 9zfivurngnatu 2-3 win dlelvmanuduiis7
MPa UWay Serratia marinorubra dza¥lanuudiizE
200 prn fiRTusu 60 MPa WisufeuAuwasUnaTisia
813 0.6-1.5 pm Tgsafinuduussens msasiailanuud
vasgduvddidlalimudugeesiinnuuandnaiuiufuatds
uazaneug dufunanseuvsausniugIrdsHase
msaisruudulsvessad illvuiasdwalinnisuuana
vosgdunidanas uenaniinansrvuraTiugITzdma
Aemsugan1sindeuiivesuuaiiSefindeuilalasdaulng
sngansindeuiisielinududeiioa 20-40 MPa uay
firufu 10 MPa wuin Esclierichla coli, Vibrio waw
Pseudomonas 9x8anaiiuaniaaa (Flagella) usidiaiu
arwdudy 40 MPa wuindamdnilazguideatuares
1wad

32 msiaeaunsd
nsuwdsgumemalulagnisldusedugs (HPP) ladunis
gouiunuIRsgIuANaeAisraILlIgUsIMTTes

2IAN1TEMITUAYEIWMIaNIFaEA (FDA)  UaznIsnsn
InuRTIDIEnizanim (USDA) meulavdanudpinisuay
arwmaniwesfuilansendasusiuUsglamsiianuse
fnwianuan ndu warsandlilndiAesiuemsan HPP
annsovhaneaunisld TaeviluuueiiGetieglusyes Log
phase ansanusisaudugliiaenia (Hanulivie
Sensitive 11nn31) wadfiegluszey Stationary aussuay
QAuvidiieglussy Death phase agnalsfinunudugs
uIAILNAT (583 400-600 MPa) asannsaduganis
Wwinwiavateaaduni (vegetative cells) 16 Hoover et
(1989) s1wuIINslEALAY 350 MPa Wunan 30

%39 400 MPa 1Wuwaan 5 min szanunsaanyiunm
wadunAvasuuaiiSe BaduazFesilafa 10 wih msld
Anuduissiugannagitligudimaeiudulnvesales
vpauuAfisLazvhaesadfimaesveneia 1Wuifiui
anudugaihlininfilea (vacuoles) meluwadunnuay
vinanentiuaduasigaduwsnusuinnailunalismludduy
13 gavinane TnevhluuueiiSednlnganusonialéi
AvmusEing 20-30 MPa dhuqduviditannsanie L
mmﬁuﬁqqni'} 40-50 MPa 38011 barophiles ﬁdﬂﬁuw?ﬁ
wmanisnssglidesnnuisliniyaediannudulugag
300-800 MPa d1uqauniditainlutasainudud 1-50

min

MPa uiSendn Eurybaric uayqauvisuiin Baroduric 9
sondinusazliannineialdfianuduiigidaud 50-200
MPa wauaIndmfugasianIsdsunlamisnienmyes
AWM ANUAUgIUIUNAN (20-30 MPa) SinavinlvdnTn
MRS QUATANTTEIENUTTIF UV Tanas ﬁaummﬁuﬁ
gunnavihateyaunidla TUIATBIALAUFIAAINTD
ﬂummwmwuﬁua"mmm%ummmﬂmqﬂulﬂwar;g
furiin uavaldd (species) YRIAUNIE
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Table 1 Response of microorganisms (Pathogenic bacterial) to high hydrostatic pressure processing.

HPP Treatmet Microorganism Inactivation Product References
(MPa/min/°C)
350 /20 /30 Listeria 6.0 log,, CFU g'! Raw poultry Patterson et al.
monocytogenes meat (1995)
253 /25 /15 Aeromonas 7.0 logy CFU g'l Ground pork Ellenberg and
hydrophila Hoover (1999)
550/ 20/ 5 Esclierichla coli. < 7.0 logyy CFU ml Orange juice Linton et al. (1999)
O157HT (pH 3.4-3.9)
400/ 30/ 18 Bacillus cereus 2.9-3.4 log;y CFU mU | Skimmed milk | McClements et al.
(2001)
350/ 30/ 5 Salmonella Orange juice Bayindirli et al.
Enteritidis > 8.0 log;e CFU m( Sour cherry (2005)
juice
550 /10 /25 Esclierichla coli. Phosphate Koseki and
(ATCC 25922) 8.0 log,y CFU mU™ buffer saline | Yamamoto (2006)
suspension
500 /10 /25 Listeria Sliced cooked | Koseki et al. (2007)
monocytogenes 5.1 logy CFU ¢ ham
(ATCC2913)
350 /2 /20 Esclierichla coli. Wetted ereen Neetoo et al.
0157:H7 mixing with 3.0 log,, CFU mU™ onion (2011)
thee stanins
500/ 4/ 2 Esclierichla coli. Coconut Lukas et al. (2013)
CHSTHY 5.0 log,; CFU mU™ water
Salmonella
Typhimurium
Listeria monocytogenes

(Source: qyisde, 2558 ARLUAIRIN Doona and Feeherry, 2007; Lukas, 2013 and Da-Wen Sun, 2014)

A13AN¥INITNURBAINANGIVRIYEUNIduiingnang
a1u13avinatedun3dnan Bacillus cereus
Campylobacter jejuni Candida utilis Esclierichla coli.
Mocrococcus luteus Pseudomas aeruginosa
Saccharomyces cerevisiae Salmonella typhimurium
Staphylococcus aureus Streptococcus faecalis wag
Yersinia enterotica asluluiilovyunman (pork slurries)
LaENAaBYNaIBRAUNTEMBUTIAUT 300-600 MPa A
nIAnwImUitamITeiiats aunidvenua aniiy
Bacillus cereus SufiuniinfiainavaslasantBinaaunia
fopnin 10 CFU ml-1 9innsdanadnuazvenijonyun
wanfiiiunislianuduganuindddneneauaziiin
AnAznou Fednuazazneufildariidmniuagiiauuda
Lﬁﬁmﬂﬂﬁmwﬁuﬁqmiw 300 Mpa (Shigehisa et al,

1991) MSIITYUALNITTEEWUTYRA Esclierichla coli gn

=

fFudafimudusewing 100-300 MP2  uagniswenewug
(Mainduuveusadindin sxgniudannnininedy
uazgrYnanefinmRugIndT 400 Mpa lnsazanyiuna
100 6 logl0 cycle atwluiaan 10 min ‘ﬁ:mmﬁuﬁa
400 Mpa wavavsiveadle Bacillus cereus wgminae
anasaanii 1 logl0 cycle Li"ia’Lﬁmmﬁuqa 600 Mpa 13
T¥anudugedszauanudiialuntsudslemslussdy
gramnsuuazgminnlilumsulslathuivaieuaggn
drlilunsulsiundandadusionivats jukuunigld
anmansuUTzURUmnAaRulUAe

Table 1 uanseauasumsAnwimanmsvitargqaunsd
neldnudugdlutae 350-500 MPa wee@mIIHIN
3oy uarndniusininifednd vszdnsniwinaie
unidaztuegiurlavesdoqduviduazautivesems
nmsulsyUlesld HPP  mnzauiunGafasionsinau
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w i
kY )

unsmdau 1y nanfushindy tiwesTuusyuniaudy
WU nwuﬂ‘sgﬂmammugqﬁim"u 350 MPa iJuam
30 min ua“’l'nmna'mu'm'qmﬂnu 5°C  wulawunsoan
U3um Salmonella  Enteritidis l9u1nni1 8.0 log,y CFU
mL” genrdpeiuransITeuea Linton et al (1999) wui
mswlsguieussiugedivszaniamlunshans dunisi
fanwauvstugaanunaziianumunudsnisiauriiais
1 Esclierichla coli. O157:H7 Tagnsldusedugaiisedu
550 MPa {131 20 min uagldfnarniriigungd 5°C
Wudnansauisaaaduiugdunidlauinga 7.0 logg

cFU mL" TuvmeiinanisAnwives Neetoo et al., (2011)

wuims o HPP # 350 MPa Wunar 2 min wasld

fanarairfigungll 20°C dan1sanuun Esclierichla
coli. 0157:H7 iy 3.0 log,y CFU mL™ 910 3 518314
Weiinduinnuin navetaudivesams wuaudy
n3n Izt ulsranimnlunsanUnnagdunidme
nsld HPP Ifegnaiiussavanim uenaninansdneuea
Lukas (2013) wuin1sld HPP fisediu 500 MPa uiian
30 min uagliFnarniifigamgdd 2°C aunsoanUIina
0157:H7  Salmonella
Typhimurium Listeria monocytogenes launngia 5.0 log,,
CFU mL” §a38n1sfananansatunlilusyév
2AAMNTTY ﬂwﬁu?ﬁﬁmsﬁwmzﬁuﬂ'ﬁxﬁﬂ“ﬁmwmmﬂﬁ
sUsBuTItuge fedBnmsdsudananemnindu corbon
dioxide ﬁqquﬁﬁ 40°C  Tumsdetnendanunalunis
vhanegdune uasiuuszavinwlunganssuiumsum
Tu3fuvesqdunslfnimslivnarweni Tndlduseiy
Wi 120 MPa 1uaan 30 min usannsadnwandinig
Amam nay 8 sa sthavuvay dlewsuiisuautinia
Usvawdudanuilifianiuuandsedeiiiedrdnde
WSsuitguAuewiman (Cappelletti et al., 2015)

yaunsgmn Esclierichla  coli

33 mohalgavas (Damage in spores using HPP)
nsAnwmalulagnisldusedugs (HPP) lun1sviane
avadve Bacillus  subtilis USunauSudiu 8x10°  spores
mL” figaumgfi 93.6°C  finamdu 1 atm wuhannin
Wawavesldvunnieluian 1 h uiddueuiuby
600 atm Tigaunall 93.6°C wuiwedldinandis 4 h el
vianwaveslivun Tumanduiunuiniigamgdl Snsinns
vhaeavefasfintudionuiugeiliifitu nofigumgd

25°C uaAILAY 600 atm ISR waUaTuAS
wuaUpifisendinusurutesnit 10% vesduiuaves
Suduvdaaranawiiull 48 h UJohnson  and  Zobell,
1949) wenI NI Sale et al. (1969) Anwimsvhangaves
v8d Bacillus  spp.  IeeldAanusugalugas 100 uaz 800
MPa wuirdnsimaihmeadeirginidielinuiugily
seAudIndn (Usunn 100-300 MPa) wasiiieligavgd
70°C samdewuitdnsnisiatsaleiarBadinuniy
lugreAnudugesswing 100-300 MPa nelausafugs
Uszana 20-30 MPawuImiinaveisennanailuigadus
AuugessRuidiliainsamanswadliuasauasi
nszduilzAluioy agalsiniumuiinisldainuion
nIgfunTenuBsalaiuasiinufugINT 100 MPa 28
natipeniimsienyesaveiidielirudugiluszdusinia
(Gould and Sale, 1970) mi’l*uu'sqaugalum'smmﬂaﬂai
uuwumqmmuuuwmwﬁwnmmﬂ dwlladedug fiflua
sosaunlauna pH 19mosueAfIn (Water activity) uas
ATULTIYBIBBBY (lonic  strength) Tnagamaifivunzay
dmsunissusenvaaleisiiannuuanssiuluniussiu
'ummmﬁuzjamn‘sﬁuE’J"’qn'manﬂmaﬂa%wﬁﬂﬁzaw%mﬁﬁ
figeuile pH A unasuaziiussansnmsingadien pH
gsadiuly mwduseRuivinliauesisuenladeed
AN ANTISEAU pH Ununans ﬁw%’uﬁhgnﬁwavmﬂﬁ
Liwandufudeeuiiiiimamesuendinminadniosluns
fudsavasianudugs Tuvnsilansavarsfiuandaidy
luidvunaolsduasunaifounaalsd szinaluniian
Uszanamluntstudaveislaeiiluadesdningla
ansosanlfluanmefifimuiugs uarUsAvIndosures
arseluvidifiomindosuiinasonsaaiefvesansiulile
Inawnu (Peptidoglycan) 31nUjfsenveueuleiszning
n139an uazddlnavinliniInusealusouresaeily
asaraetesanaudieFouiisuivansazaisaleslu
ﬁ"mf‘i‘uﬁmmﬁuqqua qmunnmmnu’Luqﬂawnﬁnms
waﬁmuuﬂmailaaU'iiﬁJn'ivﬂauuwm’lmmw.ﬂm 121°C
et 20 min - wiiSisdnaildinudinddiinund
3By (Casein) tAnnsANALNBY (Msudsguemg
Ineldnmdugs, 2016)
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1 Table 2 Response of spores of microorganisms (Pathogenic) to high hydrostatic pressure processing

2

3

HPP Treatmet Microorganism Inactivation Product References
(MPa/min/ °C)
875 /10 /55 Clostridium 1.8 logyy Ng N’ Crabmeat Reddy et al. (2006)
botulinum blend
nonproteolytic type
B (KAP8-B)
600 /20 /80 Bacillus cereus 7.53 log;g Ng N Milk buffer Ju et al. (2008)
(AS 1.1846)
600 /12.5 /65 Clostridiurm 254 logjg Ng N Ultraheat- Gao et al. (2011)
perfringens treated milk
(AS 64701)
900 /5 /100 Clostridium 4.0 log,, CFU mL™ Ultraheat- Shao et al. (2010)
sporogenes treated milk
(PA 3679) spores
520 /18 /40 Bacillus 3.3 logyg Ny N : Distilled water Aouadhi et al.
sporothermodurans (2013)
LTIS27
600 /1 /75 Bacillus coagulans 4.0 log,, CFU mL™ Tornato Juice Daryaei and
Balasubramaniam
(2013)

(Source: Da-Wen Sun, 2014)

DaWen Sun (2014) lAs7usiutenalsivinisuas
enuide nsiaisavesveuuaiiSeiinelhiAala
(Pathogenic bacterial spores) ﬁtﬁﬂmnawmﬂﬂuﬁaﬁw
miwigﬂmwwmammuga (HPP) fianizsinaq (Table
2) Hﬁ‘i‘JBQLL‘E&ﬂUHQMUﬂU’mm’aLﬂiﬂﬂmﬂﬂ“ﬂﬂua anmzans
wssumeusRugIueImsYinaneaunid (Table 1) wudn
m's‘r'hmaﬂﬂﬂ‘i“ﬂawﬁuﬂ?éﬁuﬁwL{Fuﬁaﬂﬁmmﬁuaq 39U
Aumsldrnurudinardunisdamendinu ssauauAy
geiilddmiunisvihanealesiiszdugadia 520-900 MPa
sufunslianufouriudananlutheguvgll 65-80°C
Tnvautfvasormsuiledefidrdyediannlunisdn
iflewSeuieunesidoues Shao et al. (2010) uaz
Daryaei and Balasubramaniam (2013) fifnwnave
ussRugeren Tatsaledunidveninfemaiid
anuiunsa (@svsu ph 3.8-4.2) wasthunduitlaifian
Wunsaae wuiaunsaiatealeivesgfunidlate 4.0
log,, CFU  mL” nudrarudunsavatewisastheiiy
UssAndamlunsiargadeivesgaunidasnisliaiu
funazgumpivenidinaisiid Tnsnisusguiande
weldnuduil 600 MPa  uarauwpiveniil 75°C

46

Tuwrasinuuiuegldusdugaiia 900 MPa uavgumiives
11# 100°C.

34 msUssgndlsuseaugalunszuaunisudsgvemrs
Uagumsldussdugelunssuumsudsgamsdnga
Hudideu u,a~t:aﬂ‘Hwu1Lﬂimﬂniuazaﬂﬂ'ﬁmuﬂﬂuivm
QRATMNTTINTY WaEITeINFUYIUAT YeaiAdesdns
u,auqﬂn‘smmmﬂi;ﬂmﬂmﬁ’l‘ﬁu'sqmuaauunﬂmamm U
awnsmianlglumsudsglussdugaamnssuli Tae
maﬁﬂmwwigﬂmmuw HPP uuuuaﬂwmqmwmﬂw
gamwaﬁmmmmﬂigmmummu Tovfigauiuluesinm
aunm dmFunisuusgudeaiudugeiuiidunsuns
vanlaensiwdnfasiemnsiiiuasudusuuduas
vssgluussyfasimemelulagnisussquuulaanidoudy
dndussgnsussgeanfasiiinaee vindunagagn
dndsaingrasamuiulussuuln Buthludohmifidu
sananlunisdidiendsunavinusadulunisvitany
Jaun3d u.avm1.|ﬁmauggﬂiwamnlﬂmaﬂ'suamwmmmu
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AUda veangrdn wasyuznin unAnudvEnavetgumpiiauieud 130 way 160 °C uardnsinistouTunait 300 480
waz 600 kg h” AensanaueseINaty Shsnseunt Sasnsdudemdsudime Ussdvsameenaieulums
puwtit s lAsssiludunuiilfluntsnanifamdsduna nan1sne wui gumpgiaudou 130 °C uasdniinisilou
JanAudana 300 kg h” Duanmfimnvailunsaramuturednnafidenumagou Tngmsifugamadl (160 °C) il
dsraransanAILTy LardasinseuuRidarL venand msfiudasnisteunnninil (480 uar 600 ke h™) vilwshs
mseuwianas Tnefianmymneauisammstudomdinudumedosnitfiguuniias winnniudntdeadadsuiy
danmistloufigand UssAvBaimmismnufeureiniseuwilaesaueysening 64 uay 76% wavidlonSeuiiivusumuly
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Abstract

Agricultural residues are highly potential for use as alternative energy sources. However, they are less
attractive to apply as commercial fuels because of their inferior properties, i.e. unexpectable size, high moisture
content, etc. In this research, the study of biomass preparation with agricultural residues as feedstocks was
conducted using a flash drying process. Three different types of biomass comprised of Eucalyptus bark, empty
fruit bunch (EFB) and coconut coir dust were selected to investigate the effects of hot air temperatures of 130
and 160°C and biomass feed rates of 300, 480 and 600 kg h' on moisture reduction, drying rate, specific energy
consumption (SEC), thermal efficiency of drying and cost covered by biomass preparing process. The results
showed that the hot air temperature of 130°C and the biomass feed rate of 300 kg h" were the optimurm
condition for drying all biomass tested. The increase in the hot air temperature (160°C) did not have significant
effect on moisture reduction and drying rate. In addition, the higher feed rates (480 and 600 kg h™) tended to
decrease drying rate. At the optimum condition, the SEC value was lower than that obtained by the higher hot
air temperature and it was slightly higher with respect to the result of the higher feed rate. The drying thermal
efficiency varied between 64 and 76%. Comparing the cost of biomass preparation, it was found to be
competitive with fossil fuels. Conseguently, agricultural residues prepared through the flash drying process are
potential for use as alternative energy sources.

Keywords: Flash drying, Biomass fuel, Drying performance, Alternative energy
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Figure 2 Schematic process of flash dryer for biomass
preparation.
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Figure 3 Effects of temperature and biomass feed rate on
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Figure 4 Effects of temperature and biomass feed rate on
drying rate; Eucalyptus bark (A), EFB (B), coconut coir dust
(C). Values represent an average and standard deviation
(S.D.) of data collected for three hours.



NsansanAimnIunERsWisUssmelng 7 22 atud 2 (2559), 49-55

35 Uszdniaiwnreaniuioulunisevuniv (Thermal
efficiency of drying)
PNRamsYRasImssuwiigamyivardasnstousiie
uamaliiiiudn gugfiaudou 130°C uardnsmstiou3oo kg h™
Wuanmzimnyaniildeuiuidesmsuiinedien  SEC
giniidansloududndes  dufu  defsanannsi
mnyauddmiumuszAnsammeanudeulunieuwis
wuh Fanavis 3 vieduszAvBnmnseuuisrouinegs Tnod
veanehauiissAvinmgiiian  (76.4%)  sesasifiuge
uznwinuazdenliigadusia (~ 64%) fauanslu Figure 6
" .
300 kgh 480 kgh™ []600keh™

SEC (MJ kg, 1)
[-3

0
5
- 4 (B)
1
3 b
4
e
n 1
0
5
a ©

SEC {MJ kg,
R~

160 °C

130 °C

Figure 5 Effects of temperature and biomass feed rate on
specific energy consumption (SEC); Eucalyptus bark (A),
EFB (B), coconut coir dust (C). Values represent an average
and standard deviation (5.D.) of data collected for three
hours.
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Figure 6 Thermal efficiency of biomass drying at hot air
temperature of 130°C and biomass feed rate of 300 kg h".
Values represent an average and standard deviation (5.D.)
of data collected for three hours.
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Table 1 Cost of biomass drying

Description Cost (Baht)
raw material 1,000 kg x 0.1 Baht kg 100
heat source (exhaust gas) 2
labor 2 people x 40 Baht h™ x 3.3 h 264
electricity 50 kWh x 3.3 h x 3 Baht
1 495
kWh
Total 859
Table 2 Cost of water evaporation
ltern Fasslpp EFB Coconut
us
production cost (Baht) 859 859 859
mass of evaporated
346 389 340
water (kg)
mass of dried product
654 611 660
(ke)
cost of evaporation (Baht
. 248 2.21 253
ke )
biomass drying cost (Baht
k .1} 1.31 14 1.3
8

HadATIwEAUUNTUUTFUTINauandlu Table 3 Tngdn
#inuBy 30% w.b. uazdRsIMItiey 300 kg h™ wud1 wWien
Ligmauda veanethdy uasgausnin fnauiisuiuAirn
founinfu 0.43 039 waz 0.43 Baht Mcal” FalndiAseiuday
fiu 713171 0.48 Baht Mcal™ fiatfu TanTaunavis 3 viled 3al
fnnmilumsinusgudmiulilunmeagramnssuld Tagd

neanehauiidnanmgan

Table 3 Cost of biomass with respect to its calorific value

- biomass
. calorific value
biomass 1 cost (Baht
(Mcal kg ) * 1
Mcal )
Eucalyptus bark 3.010 0.43
EFB 3.580 0.39
coconut coir
3.027 0.43
dust

* calorific values were referenced from Arjharn et. al.
(2012)

o

4 @yl
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Abstract

The main purpose of design and fabrication of remote controlled garbage collecting boat for agricultural
water resources is to study the feasibility of using the unmanned remote control garbage collecting boat in term
of small garbage collection. In the design was used a directly current motor sourced EMAXGT 3520/04 Out runner
Brushless Motor 1150 KV and the main of structure was made from material aluminums with dimension 900
mmx700 mmx300 mm. Field performance test under controlled field conditions were used the plastic bags and
bottles around 50 pieces with the motor speed 7000 RPM with actual area covered 25 m”. The results of the
field performance test were 76.33% and the effective work capacity 27 pieces/min. The cost of garbage
collecting was around 0.22 baht/m” and the break-even point in 31 days. The unmanned remote control garbage
collecting boat could be effective to work and could be reduce labor force, actual operating time, cost, and the
danger that may arise in the work down, too.

Keywords: Unmanned remote control garbage collecting boat, power system, motor speed, efficiency, garbage
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Figure 1 Specifications of the garbage in the irrigations

canal (a) Agricultural irrigations canal and a bottle
dimension (100 mmx320 mm) (b) a plastic bag
(150 mmx270 mm) (c) a foam box
dimension (110 mmx140 mm) (d) a foliage dimension
(40 mmx90 mm) (Miaddsny, 2559).

dimension
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Figure 2 Specifications of the garbage collecting. (a)
The risk from the garbage collecting, (b) Garbage
collecting
collecting in the river (¥ilnddaaw, 2559).

in the aegricultural canal; (c) Garbage
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(d) {e)
Figure 3 Specifications of the design and fabrication of
unmanned remote control garbage collecting boat: (a)
garbage collecting boat, (b) head set pertaining
garbage, (c) boat propeller, (d) System Transceiver, (e)
remote controller.
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Figure 4 Systern details of the unmanned remote
control garbage collecting boat.
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Figure 5 Work operating of the unmanned remote
control garbage collecting boat.
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Figure 6. Created the unmanned remote control
garbage collecting boat procedure.
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wilun19vinauaasazldanuiaseuiivinlviSed
wWesdudlunsifivvrgeiign uasiivSuuwesiivasvae
agtioniian Fawinfu 7000 rpm uazINNIsEUNATUEYN
msvaaeunuh fianudseviiduaudiigruauie
Wureramsanuauiamasaiutgmungldsene
swaeuariinuuiudanniiga ilildnaneslindes
wuAweds nihATIasauamassnIil

(e)

Figure 7 Experimental set up and field preparation, (a)

the unmanned remote control garbage collecting
boat; (b) the unmanned remote control garbage
collecting boat in the canal; (c) field preparation set
up; (d) garbage collecting boat in the canal repairing;
(e) garbage in the boat.
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Table 1 The average width, length and weight of
garbage samples in canal.

Garbage sizing Width Length Weight
(mm) (mm) (ke)
Maximum size 100 320 0.04
Medium size 110 140 0.01
Minimum size 40 90 0.001
Average 83.33 183.33 0.017
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Figure 8 Position of motor speed test (rpm) and
performance of the garbage collecting boat (%).

Table 2 Motor speed test (rpm), weight of garbage (kg)
and the garbage collected (50 pieces) of the ship
garbage collection in the canal. Take the time to test
each 1 minute (min) and the size of test area 25 m’.

No. | Motor | Performance | Performance | Weight
speeds of the from labor of
(rpm) garbage force garbage
collecting (pieces) (ke)

boat

(pieces)
1 | 3000 13.67° 50 0.232
2 | 5000 20.33° 50 0.346
3 | 7000 27.00° 50 0.459

Means in a column followed by the same character
are not significantly different at 0.05 significant levels
according to Duncan’s Multiple Range Test.
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Fisure 9 The relationship between the percentage of
the ship garbage collection in the canal (%) and motor
speed (rpm).
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Figure 10 The relationship between the working ability
of the prototype (kghr™) and motor speed (rpm).
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Table 3 Motor speed test (rpm) and the elevation of
the garbage head set (m) of the ship garbage
collection in the canal. Take the time to test each 1
minute (min) and size of the test area 25 m’.

No. Motor | Elevation | Number | Weight
speed of the of of
test carbage | garbage | carbage
(rpm) | head set | collecting (ke)
(m) (pieces)
1 3000 0.2 12.00° 0.204
0.4 11.00°° 0.170
0.6 8.67 0.119
2 5000 0.2 2267 0.340
0.4 16.33° 0.272
0.6 10.67° 0.187
3 7000 0.2 27.00° 0.459
0.4 23.33° 0.374
0.6 15.00° 0.255

Means in a column followed by the same character
are not significantly different at 0.05 significant levels
according to Duncan’s Multiple Range Test.
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Figure 11 Experimental set up for the suitable
elevation of the garbage head set (0.2 m) of the ship
garbage collection in the canal.
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