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o

AANARY: NTBULINAILANSDY, UUIIADILDUNSA

o

3fa, duusyAvsnisunsusEAvEue, ndsnunsedu
Abstract

In this study, coconut residue were dried as single layers with thickness of 7.5, 10, and 12.5 mm in drying
air temperatures of 55, 65 and 75°C in a laboratory scale tray dryer. The effect of drying air temperature and
thickness on the drying characteristics was determined. A non-linear regression procedure was used to fit
experimental moisture loss data using three empirical models, namely, Newton, Henderson and Pabis, and Page.
The Page model showed an excellent fit to predict drying behavior of the coconut residue because this model
gave the highest coefficient of determination (R?) and the lowest chi-square (c?) and root mean square error
(RMSE). The 3-D response surface plot and the contour plot derived from the mathematical models were applied
to determine drying parameter prediction equations.The Response surface analysis (3-D) showing the effect of
temperature (°C) and layer thickness (L) on the response in the change in drying rate (k) and drying index (n) of
Page model during hot air drying, was found to be in close agreement with the value predicted by the model.
Moisture transfer from coconut residue was described by applying the Fick’s diffusion model, and the effective
diffusivity (Deff) changes between 0.99-4.17x10 *° m? s and the activation energy of moisture diffusion during
drying was found to be 12.04 to 44.22 kJ mol ™

Keywords: hotair drying, empiricle model, effective diffusivity, activation energy
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Table 1 Five selected saturated salt solutions with
their corresponding RH and approximately composition

at 35°C.

Salt RH (%) Salt (g9  Water(ml)
LiCl 11.25 177 100
MgCl, 32.05 800 100
Mg(NO,), 49.91 667 100
NaCl 74.87 334 100
KNO, 90.79 250 100

Source: Bell and Labuza (2000)

Figure 1 Diagram of equilibrium moisture content (Me)
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Figure 2 Diagram of the tray drying system.
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Table 2 Mathematical models given by various authors
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Ficure 3 Effects of layer thicknesses on the MC of

coconut residue change (constant temperature at 55°C).
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Figure 4 Effects of layer thicknesses on the MC of

coconut residue change (constant temperature at 65°C).
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Fisure 5 Effects of layer thicknesses on the MC of

coconut residue change (constant temperature at 75°C).
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NMSANEN WUIMLUUINADIOUNTABUDY Page @unsavinuney

MsAsuLUad REIUANNTUYBININT BNENS 1l USERINa

nseuwiaeauseuldminsauiign Wewniian R Tugas

0.9816-0.9979 F9TAIUINNTILUVINADILONNTABLUUDUS

ao

A1 A% 0¢381319 0.01x10> 6.24 x10° wag A1 AMSE

9EJ5¥91114 0.0032-0.0789 (Table 3)
dlewFoufisufusuusiasnenisdaves Newton uaz

Henderson and Pabis WuMluud1a03loUNIAav99 Page

a1u15allun1sinuedns1n1sasuklasdnsidiy
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Arwumniongndlfmngaunniigadel435n sz
NNANR d0AAABIAUTI89IUIT8Y84 Orikasa et al., 2014;
Assawarachan, 2013; Doymaz, 2008; Uadna LLa%qm'%‘ﬁ'EJ
2557; JUAUINT LarAty 2555; NIty hazAe 2554
FofunansAnuilumiddeisadumudiuvusasaeui
3Aavu0s Page ﬁmmmm3aumnﬁqm1umiﬁwmams
Wasuwdasuduvesninilenzndi uazamnsives
NNFOULMIVBILUUTIADUBUNIAATDY Page AANMNFURUS
Lﬂuﬂaﬁsﬁumaqqmmgﬁuaz%u’umwmmsummﬂLﬁamw%q
waﬂﬁwwaqqmm:ﬁLLas%”’ummmuwmmmﬁamw%’mia
ANIT10005IUN1TOULTIVOILUUTIADUBY Page WU
A1 k (Drying rate) #308n31N1 50U ST FULUUANNTS
anuduiusiuaunisnunu (polynomial model)
Feluvaued A1 n Orying Index) AeAdydn1saunis

YBINSILLANDINTOULAI MW UUIIADIN AL AANERNTVD

Page dufuileddufuguunil (M wazduainumua (L)
aunsadwalldanaunsmhlumuguuuuaudiudues
AsMiufananouwuuaLianuiuandly Figure 6 LLay
Figure 7 wazdiguvvaunisiduuvuitaendaduisuuuy

AMNFURUSAIL Eq. (12) kag (13)

(kx10™)=145.01-3.437 5.2 (12)
~0.005(T)(L)+0.041T>+0.261

(R =0.9887)
n=1.079+0.0067 —0.0018L (13)

(R> =0.9963)

Table 3 Statistical analysis of models at various drying temperature and layer thicknesses levels.

Layer
Drying Temperature
thicknesses | Empirical Drying Model Constants R %107 RMSE
Model (°C)
(mm)
7.5 k =0.0155 0.9495 10.82 0.1011
55 10.0 k =0.0101 0.9807 5.21 0.0708
12.5 k = 0.0053 0.9846 2.34 0.0474
7.5 k=0.0184 0.9532 3.22 0.0568
Newton 65 10.0 k =0.0121 0.9663 4.32 0.0657
12.5 k = 0.0065 0.9865 0.31 0.0015
7.5 k =0.0468 0.9217 9.45 0.0837
75 10.0 k =0.0277 0.9333 7.76 0.0881
12.5 k =0.0219 0.9365 7.28 0.0853
7.5 k =0.0028 ; n = 1.3909 0.9932 0.63 0.0771
55 10.0 k =0.0025;n =1.2211 0.9887 1.61 0.0393
12.5 k =0.0017 ; n = 1.1742 0.9979 0.01 0.0032
7.5 k =0.0048 ; n = 1.2814 0.9945 0.04 0.0026
Page 65 10.0 k =0.0039 ; n = 1.2022 0.9906 0.13 0.0037
12.5 k =0.0026 ;n =1.2114 0.9875 0.25 0.0012
7.5 k =0.0069 ; n = 1.2061 0.9816 5.32 0.0729
75 10.0 k =0.0054 ; n = 1.3417 0.9834 6.24 0.0789
12.5 k =0.0049 ; n = 1.2949 0.9902 0.43 0.0207
7.5 k =0.0115; a = 1.4906 0.8432 47.8 0.2126
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Layer
Drying Temperature
thicknesses | Empirical Drying Model Constants R %107 RMSE
Model (°O)
(mm)
55 10.0 k =0.0101; a = 1.2635 0.9561 4.73 0.0675
12.5 k = 0.0053; a = 1.1959 0.9522 7.92 0.0282
Henderson 7.5 k =0.0123;a = 1.1901 0.9142 19.6 0.1403
And 65 10.0 k =0.0118 ; a = 1.2456 0.9524 4.45 0.0663
Pabis 12.5 k = 0.0066 ; a = 1.0612 0.9318 10.36 0.3211
7.5 k = 0.0537 ; a = 1.6536 0.8782 25.11 0.1364
75 10.0 k =0.0314;a = 1.5011 0.9135 15.53 0.1246
12.5 k =0.0243 ; a = 1.4227 0.9368 11.42 0.1069

75.00

10.50
Layer thickness

60.00 Temperature

Figure 6 Drying rate parameter (k) of Page model on

various drying temperature and layer thicknesses levels.

Layer thicknesses 950

750 5500

Figure 7 Drying index parameter (n) of Page model on

various drying temperature and layer thicknesses levels.

3.3 MIINIUAOUA NIV UYTIADIN P ERNAITNS
ASNIUEIUAINLLUE1vaIuUaNn1sHabuTuns
YUNYRAVBIAINITITLNDINITOULIN VDILUUT1ABIN4

ANAAIARNSYBY Page AIENTITNIUADUAIEUBLANITOUMNY

mmﬁamw%nﬁqmwgﬁ 60°C WAL TEAUTUAINNUA
8.75 mm LLazﬁqmeﬁ 70°C warsERuTuAIIUNU
11.25 mm lagld Eq. (12) wag (13) viutgainisiimesves
LUUSIamNAIRmAnsSTes Page WBATIHINAT k wazan
n WU 0.0059, 1.2815 wag 0.0076, 1.2965 Auasy A7
Idamsinsuieuifisuiuteyalunismaass iem
AuduTuSsEnddasdiuanuT ure sl enzwd
auuaiildnmswsuuus e wnsedinAansuas Page
aflelndifestusimdmmmuiduiildannmnaesiigamnd
60°C LLasisﬁU%ummwm 8.75 mm LLazﬁqmwQﬁ 70°C
wazszsUuAIMA 11.25 mm
AMNFUNUSINALABIAULEUNIUAOUAIIULN UG IUTO

WEUASINAMNTULINAY 45° wazdian B2 winnu 0.9075-

0.9463 A1 ¥’ uay RMSE faviu 5.68x10°- 8.32 x10°
WagA1 AMSE 8g5¥7i9 0.0075-0.0912 MUa16U Fausdlok
aunslulumsiuneravesmnsdnesnsounis veq
WUV ISAAAIERIV0Y Page @unsaldlunisvinune
nsiasunUassnsidiuniseunianinidenyndiea
BN 55, 65, 75°C wazduALIUd 7.5, 10, 12.5 mm
IFagr9puuiugl (Fisure 8) donndesiuiudseiiien
289 UNITNIUABUAULUUGIVDILUUT1ADINTOULAS
(Uoana wazgudde, 2557; qnSve wazAme 2554;
Pongtong et al,, 2011; Agarry and Aworanit, 2012; Singh
and Pandey 2012; Assawarachan, 2013)
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1.0

OT=60CandL =875mm
AT=70CandL=1125mm

Prediction MR
o o o
N o 0

©
N

o
o

0.0 0.2 0.4 0.6 0.8 1.0
Experimental MR

Figure 8 Comparision of the experimental moisture
ratio (MR) and corresponding values by predicted Page

model at different drying conditions.

34 mAnEimAIssEaEMUNSAINT s anEHa
(Do) UasAMANINTZU (E,)
ns59$1a09MsaemaLouLaznanudulunnLie
wenimaviatuegadussuy U'%mmfwﬁag'u%nmﬁwm
aqmﬂmmﬁamw%’n%Lﬁmﬂ']siwamﬂﬁaaqﬂmiﬂd
dunndey wazsnannudunelulassadaninidonzndn

inN1TUNIIIaANLTUARouNlUgHIveteYnIA SEme

20N9INMNLLNET KavtnTisTinEeenINaTAd ouTiNIY
sumavesnnionzndlUfRmivesnnideusnin
Fruvuiiduiatueiniadeudsinalnnisaiowmuianiels
mméhumu‘[,umidwmmamm%umﬂﬁﬁaq LagAY
Fruvmunsiedouiivesnanuduneldnnudunues
oynannuiensninfilutaguunisiesesinaidu
Usvavinisunsaududszansua (Deg) AAnTuanuisa
Aasrgrlunsalanusuniulunisanemulaaisaneglu
Tnssaiaeadludsieynianinidensndn eynaniniide

I

uzninfidnvazidusunsinansuaduriiugudnaraaie
850 um n3edsAlivetaunia () Windu 4.25x10% m
JiAs1ERA1duUsEANEnI1sunTveuIanINTUAIY
Auduiuvengdofiassnesiia (Fick’s second law)
wanslu Table 4 Wu31A1 Do 19117AU (0.9940.03) x 10" £
(4.17+0.05) x 10° m? s figaungdi 55, 65, 75°C wagtu
AUNUT 7.5, 10, 12.5 mm ANEIRU denadeafunis
AS1EAAT Do maﬁaqmamsmwwﬁﬂﬁuq L AT
Aips9 A1 D,y vosiieresIountiiiiunseuuaeay
Fouluti9 60-75°C AANWIAU 15.4 9 5.68 x 10" m? 5™

(Doymaz and Ismail, 2011)

Table 4 Impacts of drying temperature and layer thicknesses levels of D and E, of coconut residue

Layer thicknesses Temperature (Do) x 10%° E, R?
(m?s™) (kJ mol™)

55°C 3.21+0.06"°

7.5 mm 65°C 3.96+0.12°° 12.04 kJ mol* 0.7907
75°C 4.17+0.09<°
55°C 1.96 + 0.05"7

10.0 mm 65°C 2.37 £0.04°° 25.65 kJ mol™ 0.9564
75°C 3.37 4+ 0.06
55°C 0.99 +0.03"°

12.5 mm 65°C 1.25+ 0.05°%° 44.22 kJ mol™ 0.8653
75°C 2.63+0.06

ABCEffect of drying temperature and *P“effect of layer thicknesses indicate a significant difference at p < 0.05.

A15ATIEN AT Do VOLUBUETWIIUAUTIAT 5.74 B9
7.88 x 10" wazdiumeieiuiian 9.32 83 1.75 x 10 m? s
(Agarry and Aworanit, 2012 wag Doymaz, 2011) Laznau

nIELiiey NY9NITRULTIAIEaNTaUgAMYIN 30-50°C
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way 50-70°C MINEIAU A1N51891UYD9 Doymaz, (2011);

Agarry and Aworanti (2012) wag Doymaz, (2008) ANE19U

' & ! a ¢ v o wa
A1 D WUAINNTINRNDINITOULNNLU UANURALANIEUDITUIN
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o w = o

NANIENURDAT Doy DUNHNBENAY NITAUAMNLTDIY 95%
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WI9991NNNSLARBUNVBINIAAUTULUU 2 TURDY LAKA
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FENINOUNANINLEBNENT1ITENINTUANUNUBNATY T

Juusingnisaliferiunisiadeuniiiuiagnyu dduidle

a9

Fuvaaninilongndnianunuiuindudinananinusly
N15AA0UTBLEAUTUNULNTDBNIINBYAIANINLILD
wgnFUgimituuuanveInInilansniIuaz e
L o oa P | a a a &
waanuruivdundeusdell Tuvaeinsivgumgiiiu
miLﬁu‘wé’qmuL%”]gjswvﬁw%’vmilj'qé’mm’ml,wﬂu
Iassasisluiananinillensninuwaznisindauivedle
AUTUNARBUTINIUTENIOUNIANINLUBUENITT NANTS

ATLRANUUUTUTIULUUEB IS (two way ANOVA) 984

gauniiLazAiAuruIvestuNINiangni1IMUI NAy

a -

YU 7.5 mm WUNFUUTLENTNISUNTANUTUUSEENSHAN

a o

gaundl 65 uag 75°C laifiauuansneiueagiedid

[

ydADy

Turaeiianizduazdanuuandisfuegadifoddayet
Fau nansAnwmuiiofusssutunnumunndue
wé’qa']unﬁzé}:u%ﬁmqasﬁu Wosandletuaumuniiuiy
wdwmaneusudendszaritsoyniavesniniiouzninuay
wanuTuiiadeufieanludlintiddimanossuy
Fosnswdanulunisiasuudasaauzvesaaiulunin
Wougnduniy Lﬁaqmmﬁquyﬁswé“ﬂmuéawﬁﬂu
n15159nsiAdeufivenaruiuiiddsuanuzidule
Lﬂﬁauﬁw'miz‘mha%ummwuwanaymﬂmﬂLﬁamw%ﬂaé
ﬁmﬁﬂ%wuqmaugﬂa'mmﬁéhnmammﬂ%’au A1 E,
a1unsavsvenandsuaudoundslunisidsunas
@01ug (Latent heat of vaporization) YBINIAAUTUVES

L4

nnllangninauald wagandeyalunisiasies

v '
(Y =

AUANYULNINLLBUENIIIBULRNUITTEAUTUAUNUN

a1 [

10 mm AMMFIUNTEAUWINAY 25.65 k) mol" wagh

FEAUTUANUNUIN 12.5 mm TAnFsunsziumafy

44.22 kJ mol* suaisu

4 @3
NamaqqmugﬁLLazsgé’wﬁgummmwaamﬂmw%ﬁa
suueran1sUasuLUas Sasdrunnuduresninuy i
ouuta flgaungdl 55, 65, 75°C wagduanumunil 7.5, 10,
12,5 mm 91nANNTUEUF UMY 1.72+0.03 Suater Sy
tter wmﬁamm%uzjﬂﬁwmmﬁu 0.07120.003 Gyuer Sary
matter - NUITMUUTIADINAAAIAR VDS Page @11190
¥unensiasuulas snsdiuaTuesninuEng

v =

suuidldimnzaniign Wosnlieduussavinsdnaula
(R) gaign Tuwazilialamdsans (39 uazArsniiaes
TeIrUARIAIARUdsaeady (RMSE) ﬁﬁwqm AunIslu
MUNAINITITADINITOULAIL UV AL AATEARNS
Y84 Page IngA1 k (Drying rate) iAvnuduiuslugiuuy
994 quadratic equation FULUUANEUNUSYINGY (k10
%) = 145.01-3.437-5.2.-0.005TL+0.041T%+0.26L° luvnueil
A1 n (Drying Index) fiAd1uduiusluguuuuvad Linear
equation H3UkUUANNFURUSIMAAU n = 1.079+0.006 T-

0.018 L LagHan1sNIugouAINuiug1aesaun1snity

U3 R AU 0.9075-0.9463 muandiu wasdld §° uay
RMSE \infiu 5.68x107- 8.32 x10” L@y 0.0075-0.0912
nsAnwaunsAmgud (semi-theoretical equation) F1az
fsunuueduiuslusungdefiaesvesiia (Fick’s second
law) a1ursaldlunisnidasidruaanuiuvesninile
ugninifigunsadueymansinay wuienddsyansms
WNSUTEANTNE (Do) 1M1V 0.9940.03 - 4.1740.05 m?/s
warAmdsnunsEdy (E,) FsAuiaainanuduiusly
sUwuuvesaunisenfisillaliAnviafy 12.04 - 44.22 kJ
mol! figaumndl 55, 65, 75°C wagduammuil 7.5, 10,

12.5 mm ANUaGU

a a
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