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Development of Rice kernel Coater by Rotary Fluidized Bed Process
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Abstract

Rotating fluidized bed coater offer an alternative technology where the particles are fluidized
by balancing the radially acting drag and centrifugal forces, improved coating homogeneity and mass
transfer. The objective of this study was to construct a small scale batch rotating fluidized bed coating
equipment. The effects of several process variables on the coating efficiency were evaluated. Coating
experiments were performed by spraying turmeric extract solution onto Jasmine rice kernels. The

experimental conditions were solution spray rates of 35 and 40 ml/min, atomization pressure of 1.5
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bar, spray time of 6 and 8 min, time of drying after spraying of 10 sec, superficial air velocity of 2.9
m/s, drying temperatures of 55 and 60°C and 85% of recycle air. The rotational speed of air distributor
rates of 20, 70 and 120 rpm, respectively. The coated rice quality was evaluated in terms of the
moisture content, color, percentage of fissure kernels and coating efficiency.

The experimental results have shown that suitable conditions for producing turmeric extract
coated rice were drying temperature of 55°C, the coating solution spray rate of 35 ml/min, spray time
of 6 min, rotational speed of air distributor of 70 rom and time of drying after spraying of 10 sec. The
color of turmeric extract coated rice was reddish-yellow. The moisture content of turmeric extract
coated rice decreased with increasing the drying temperature, coating solution spray time and time of
drying after spraying. Increase of the drying temperature and coating solution spray rate can affect the
percentage of fissure kernels. The coating efficiency of the apparatus was in the range of 66-84%

Keywords: Coated Rice; Drying; Fluidized Bed; Turmeric Extract; Rotating
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Fouls AL
gaumqdl (°0) AIUGITOULNY | §RsINIsEANY | Szpznan@any | Szeveuwi (% w.b.)
N3LWDINA (mU/min) (min) NAIINNEYANY
(rpm) (s)
6 10 11.9
35
8 10 11.9
20 6 10 12.0
40 8 10 11.9
8 0 12.2
6 10 11.8
35
8 10 11.9
55
70 6 10 11.9
40 8 10 12.1
8 0 12.2
6 10 117
35
8 10 11.8
120 6 10 117
40 8 10 12.0
8 0 12.1
6 10 117
35
8 10 11.8
20 6 10 11.8
40 8 10 12.1
8 0 12.2
6 10 11.6
35
8 10 117
60 70 6 10 11.8
40 8 10 12.0
8 0 12.1
6 10 11.6
35
8 10 11.5
120 6 10 11.7
40 8 10 11.7
8 0 11.9
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Wannasinanteaeulaglifesauliiane

NERINNYANUAITIATDU WUIIU1ARO VAN

AIUTU 12.2%w.b. nstillianuduiegluaisiadeu

duanvneazlignisinesenainuind dwali

[T ———TTE




TSF - 03

want1wnziudunau wazenvinliwandingiu

WAnn s demeldseninamsiusnm

a

‘i]'mﬁl’]i%‘ﬁ/l 2 ?JW’JVINWUﬂWiLﬂﬁE]UI@EJIWI@m‘M U

DULIY 60°C umnmummmqm‘mu 55°C 8y

[

a

Tugaeusezua 0.1-0.2 %w.b. Lila91ngungdl
AU 60°C UBRIINTTNTOULITIZINT Daudinng
Idaamgfigeiliananuuluwdadildls usens

1 1 b4 @ ¥ Y AQI
dananonisuansnveuuandila [10] A1stwy

Fns1nisaanuann 35 vJu 40 mUmin i1l

aruduludndeuiinduussann 0.2 % wb.
\eawnanndsuuazesslosfiiintuainuiuly
Hesauiiargailinisadeuinndadndautu
avdLNTY

\dewFsuiiisunismaasadunsdllivyuusiu
nsgatweInA (0 rpm) elditeuludasnisiamiy
35 mUmin $282L3a180%1U 8 U TTULBULNY
ndsa1nuganiy 10 Jufl wudanudugainees
wandadarldunnsiefuninidn nieidle
Wisudleuiunsdimaiianisindeuunuuindatian
1A%uans (Bottom spray fluidized bed) ATMTUA
fidanlngidsaiu (6] Femnuunnsisveininuty
wndesoradunaniananuliduiueuresnisia
(Uncertainty) wazsuruauslussasdeulunis
0N

WIBLiuAIUEITOUNTVYULHUN T80 INA

wui1 9nalurieseuianuiudiugndi Gelv

IMIINITAYNUIBANTLALNITTLMEUITNRITIITAN
° v < v a ES) ' ' &
g9 viludnd1did1anududiniiAinIudy

BUAUVBIT1ESAMUHIUAISNTEUIUAISIAR DU

Usenaunuanuduaiunideiniegluiinainnisly

paungfouurisfigedu Sudadrdianududuiul
91991l iAAN15uAN 317 [10] uonatndnudn
autudunivosimindeugnasmesentulutis
flouumdsannisvgadariuasindou Jedamari

T ansedauilnNUTUana NS 8EIa N DU WA

a A 1A - ' Y o
ﬂﬁiﬂi%7!1.]'3’?1’1ﬂ’]iLﬂia‘UWEﬂﬂ?ﬂiiuLﬂiaﬂﬂmmﬂﬂi%L‘VlﬂvL‘VIEJ AN 31

4 - 7 psngnau 2560 JamiauAsuIen

NAMYARANUAITLATDU 10 s FelAuFUAINIT
nsldeuuisinndinneanuasaday
lﬁ' o vy S a0 t&l o o o
Winvligedsuiaanudulasnded1nsu
ASLAUSNE 91M157197 2 WUIT1INEUNS
= ¥ @ a
wieulagldnnuSiseunisviyu 70 rpm gaungd
AU 55°C gnsaanuansiaiau 35 m/min 2
1 A [ a P4 | [} 1l
Wuasedaulluiimn 6 Wil sulisendmenny
S a o v v S ao tﬂy
A@15.Aa8UBN 10 s MM U1ARBUTAIAINNTU
Usguad 11.9% w.b. AMUTUANTLNEINDABDNT
Wusnwnudndileglavilddrudereaindes A
Weulvlildsreziiainisouniaaziaasy 6 W9l &4
THnaitseniinsdiniseunialuufnnaiifnly
Auuu [4] wazfnaaiadaliniuans [6] ag 2 unil
Wasananinanuduliuvesenidlurie@uene
dnIINMToULIaUY
AN5199 3 WEAISBYATNISWANSID S0UALYDY
1A dakarAUTULLLAR NHIUNITOULIS
waziadeuviiuduainfidoulvdieg nuingumngd
DULMILALOMNIINITRANUANTLAGDULNAR DALY
0uUaAT1 AsAIUANLAzIAenRoulvliANTY
gavingvestnuAfeugIndt 11.7% w.b. 11ANTY
Y8991AFDUAININAIFINGTD LV LAUEAT)
= a v 1 v ldl
LMABULNANITHANSIININNTT 10% NISHANS1IN
Wnduililanmgunaninsideun audy (Moisture
gradient) s¥ninausnaRtuANNTUAgluLdndl
AMULANAA LAY AAWTHAY (Stress) [10,11]
= A <
wNIINUNUIINAULTITOUNITNYY 120 rpm
wind19fin1suAn319898e 12-15% FuaAnm199IN
A21U15258°U 20 way 70 rpm aegslidednfg
(p<0.05) 919 UNANIINWANTIINYUILKUY
Tuthuwazifinsuiuesgenitfiarusasousn 210
NANIINAABIRINENYNLAENIIUIINSTIEAIULE
soUg1ATElEnITINTOULIA winduriliudn
F1uans1niudu aaiuldaasldainuisiseuves

ya

ﬂ’Wi‘Mllu‘V]ENﬂ’J'] 70 rpm W7 811N 1INAA DY

U

[T ———TTE



a A4 1 a & ' g &
TSF - 03 msUssgAnInsiAsevteimnssusesnawissmndlne a3 31

skt £ ey 2017

4 - 7 psngnau 2560 JamiauAsuIen

ANLSITOUTDINITNYULHUNTE AL DINVALARIY Aueeelidodfn (p<0.05) NMstaenANLEITOU
M Fapraliissmeronismanuifiseuiivngay mMsvuiinzaudinsiesefenanismaaoudues
fign 91nNInAaBInUIIANLEITUR 20 uay 70 wandnmvainisiadeuskazlitoyaUszdnsamnis
rpm flehdosazmsunnimiiligauasiielsiunnsis \ndoutieidenmnuiiseuiimnzandni
M9 3 wanedeparnisuanin Sesazverinuiuwdauazauduluwdn
Geuly Zoparnisuanin | Sesazvesiidiy | mnuduluiwdn
gl °O) | Anudy | USinauans Wan (% w.b.)
JOUWNY | LARDU
n58318 | (MYmin)
91N
(rpm)
20 35 6+ 2% 93.0% 0.2° 11.9+0.1°
55 40 7+ 1% 93.3+ 0.3 12.0+ 0.0°
70 35 8+ 2% 93.4+ 0.2°° 11.8+0.1°
40 7+3%® 93.1% 0.3 11.9+ 0.1
35 124 1% 93.2+ 0.3 11.74 0.0%
120 40 134 2% 94.2+ 0.2° 11.8+ 0.1
20 |35 9+ 3> 94.0 + 0.3" 11.7+£01%
60 40 8+ 3% 93.8 + 0.2°% 11.8+ 0.0
70 35 104 20 93.7 + 0.2%F 11.6+0.1°
40 9 + 20 93.1+0.2° 11.8+ 0.0™
120 | 35 15+ 3 923+ 0.2° 116+ 0.1°
40 14+ 3% 91.6+0.1° 11.7+0.1%
4179773 (81489) 4+ 2° 93.7 + 0.3%" 12.5+ 0.20°

N o

gmoedsfetnansndlditunszuaumslag anuuanasegedidedrglulnaznanuainise p<0.05
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AN5197 4 ANAVLUAATNTARIUNISPRD UM BV UTY

Feuly L* a¥ b* Hue angle

gaungl (°0) | Anudy | Ui (°H)
SOULNY | @19
As¥ANy | WAdBu

910 (ml/min)

(rpm)
20 35 7230+ 0.10° | 12.13+ 0.12°° | 73.83 + 0.50° | 80.67 + 0.04°°
55 40 73.27+0.15° | 11.77+0.06° | 74.10 + 0.46° | 80.98 + 0.02°
70 35 7177+ 021° | 1297+ 0.15° | 73.20+ 0.75% | 79.95 + 0.02°

40 71.63+ 0.15%° | 13.17+ 0.25° | 73.63+ 0.50° | 79.86 + 0.26"
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35 N/A N/A N/A N/A
120
40 N/A N/A N/A N/A
20 35 72.23+0.06° | 12.20+ 0.20° | 73.83+ 0.50° | 80.62 + 0.12°
60 40 7327+ 015 | 11.77+0.06° | 74.10 + 0.46° | 80.98 + 0.02°
70 35 7177+ 021° | 1293+ 0.21° | 73.20+ 0.75° | 79.98 + 0.06"
40 71.67+ 0.15°° | 13.17+ 0.25° | 73.63+ 0.50° | 79.86 + 0.26"
120 35 N/A N/A N/A N/A
40 N/A N/A N/A N/A

[T ———TTE

anuuansingeesiteddglulnaznanueinisng p<0.05

AN519N 4 WERIANEVDIUIAFBUITUTU WU
ANSHNEATINSAANUASLAG DU IRUIARB U
Yiuduildidun1niy A1 Hue angle (°H) aglugig

a

79-81 FaNUBRIFHNTDIBUUAL N1TANQUNYH

o

anasauvinliandluwnnanedusgnelidedany

7

a

(p<0.05) Ingtan1z A1 b* Fewansdanuidud
witewaundadn neldReululunisnd 4 arday
AUt EAaLLEN eI eR NI AN TEAULNINTTIY
lagannin
d1915UANL5150UN1TNYUVBILNUNT2IY
P N VI A
81n1A% 120 rpm nuwdndanliiiunisindeu
2 v o - a da | -
wazwdndndlansiadeuiniiiteg1udeatsuz Uy
agiudignindeunszatenivieseu vinlld
a1115091891UA1E R399 4 16 L1TeeaInA
AUSITEUNI Iy uTigeaaall waadidiulvg
= a o v = = s
gnunesluBnntuieseuainusamismdaudnans
luvagiingdladdinegusiiudinaiieseu

I a

WMAIUNTVU-aINADALIAN YhuaTar1INBgUSLIa

kY
[

nifsveaouiigninissainusmigudnats lwéa
masUszann 15-25% aeluiun Iskiignindiou
ndoyalunisied 4 silvinsiuiiannusisey
N1574U 11nN31 70 rpm @UTUNITOULAEIATOY
Fremadailivnzan Woswnilfudatgn
indeulivhis JsaenadosiuAuszansnnnis

waeudaandlusui 4

'
=]

U7l 4 wansUszansaamnisiadeuiidouly
gl 8nIINTANULAZAULTITOUNITNY U
WHUNSEIERIMATIANSTY Nan1ITRaeINUIILASs
fA1Usgansamnisiadisuaglutiesening 66.4-
84.4% nsUSuansreaiouLindaanugatiu
asindeuldiinansenuseA1usydnsnisindeu
desnseuudludniaznserimdanniivganiu
asindeulundn lusuidedsadensouiiiey
Uszansnmnisindeudiioulasuusianaiinsd
15un szesafiannuaIsadauain 6 min szos
BUWINFININNEANY 10 s LAZLIIAUDINIA

Jouniian 1.5 bar
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90.0
[ 35 ml/min, 55°C
84.4
85.0 -+ 842 [ 40 mi/min, 55°C
[ 35 mi/min, 60°C
X 800 A e £ 40 mi/min, 60°C
g ) 776
>
o
5
S 75.0 -
=
]
2 700 -
£ 67.1
©
3
65.0 -~
60.0 - = .

20

70 120

Distributor plate rotation (rpm)

JUN 4 UsgdnBnmnmsiedeuiieulvanmgiivasdnsinisdanusineiu Nszezia@anuansiaiou 6 min

JLEYOUWIMATIINTEANIY 10 sec wazuseruanaleudinga 1.5 bar
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A lvUsednSainnisiAndeuvedAS oL NNTY
LW999INNNSLANERS1AANUASIAARUYIN BN AN

Va1 U UL ATIANUTUANTY dHasinbigie
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#adalinuuy [4] (81.8%) washnseildnly
A1uae [6] (82.9%) wudnaIaaniiout1ivgdlad
a a a = 1 a
wakvunyuiivsgdnsainnisindeuganda @en
Wiy 84.2%) lnswaiansiadeut1ivgdladiun
wuunyuld snsnsdanuaisiadeunindi wayldy
5L UNTEUIUNITOULMIFUNINUTEUIU 2
Y191 199N I8 USENERA1SLARDULAY AU

I lussozen

4. a3

Fndinunsindeusemaiagdladiuauuy
mgw?i'fa‘laulmmmﬁaiamﬁmu 70 rpm gaumnil
UL 55°C 9MI1AANUANTIATBU 35 ml/min 2
wuansmdeuiluiian 6 wiil suuiendmeniu
a15daudn 10 s onaiidoud Fadadiusasy
1.5 bar Wudeuledilildanududimnzanlunis
usnw waglidss@nsaimnisimdsuindu
84.2% n1sadeumenalinngdladiunuuunyu

o

A1U150NaNYIIAAR VYR UTUANANARLAG B U
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faviuansiadouinafsnNuT UV LUEATIY N
dy v @ 4 = t‘) 1
ANUTUAATIIEVDUNANT1ATDUAINT 11.7%
w.b. ZLAANITHANSY
H19AUSITOUNITUYUTDIUNUNTZAIGBINA
a0 <@ v v v a a 6
fifnge wantnisluieseuwiaaeiingdled
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o & Y av o ° B & '
ApafvauanY N I zay vinlransiaaauly
Aunsardnganizindilaeg1aine UseansSaiw
ASLARBUTIANAY
NA1UTEANTAMAITLAROUNGIANVDINTT
wioukuungdladiuaiisauLuunuInnatanig
wdeudngdladiuauuumyu (Rotating fluidized
bed) T¥8ns1n15@nnuaIsSIARBULAY ST EELIAN MY

ASTUIUNITBULAIFUNINNITHARDUAWNATALUU

a A 1A - ' Y o
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fndaiianlieuuy (Top spray fluidized Bed) [4]

waz@Anneiidaliniuais Bottom spray fluidized
bed [6]

5. inAinssudsenia
nuideilasuyuaanyunisiTeainaue
TAINTTUAITANST ATUW LAY

UUINYAYLNBATAIEAS ALNILE

6. 1ONENTH19D4
[1] Glatt Technology, Fluid Bed Coating,
[Online], Available :http://www.glatt.com/e/01 t
echnologien/01_04 08.htm.
[2] Torton, R. and Cheng, X.X., 2005, “The
Scale-Up of Spray Coating Processes for
Granular  Solids and Tablets”, Powder
Technology, vol. 150, No. 2, pp. 78-85.
[3] A. Palamanit, S. Soponronnarit, S.
Prachayawarakorn and P. Tungtrakul, "Qualities
of turmeric extract coated rice using top-spay
fluidized bed coating technique," Agricultural
Sci. J., vol.42, pp. 513-516, 2011 (in Thai).
[4] P. Prakotmak, "Development of rice kernel
coater with fluidized bed process,"The 29th
Conference of The Mechanical Engineering
Network of Thailand, 1-3 July, Nakhon
RatchasimakKhon Kaen, pp. 976-984, 2015 (in
Thai).
[5] P. Prakotmak, "Development of rice kernel
coater with fluidized bed process," The Journal
of King Mongkut's University of Technology
North Bangkok, vol. 26, no. 3, pp. 385-394,
2016 (in Thai).
[6] P. Prakotmak, "Bottom-spray fluidized bed
coating: effect of process variables on rice

kernel coating efficiency," The 30th Conference



a A4 1 a & ' g &
TSF - 03 msUssgAnInsiAsevteimnssusesnawissmndlne a3 31

4 - 7 psngnau 2560 JamiauAsuIen

of The Mechanical Engineering Network of
Thailand, 5-8 July, Songkhla, pp. 1-11, 2016 (in
Thai).

[7] J. Neuwirth, S. Antonyuk, S. Heinrich and M.
Jacob, “CFD-DEM  study and  direct
measurement of the granular flow in a rotor
granulator,” Chemical Engineering Science, vol.
86, pp.151-163, 2013.

[8] L. Fries, S. Antonyuk, S. Heinrich and S.
Palzer, “DEM-CFD modeling of a fluidized bed
spray  granulator,”  Chemical Engineering
Science, vol. 66, pp.2340-2355, 2011.

91 A.  Noykanchana, K. Sinsakul, C.
Chansomboon, C. Moonkhum and T.
Teepaibool, "Development of Herbal-Coated
Rice Using Bottom Spray Fluidized Bed
Coaters," Dissertation, Department of
Mechanical Engineering, Kasetsart University
Kamphangsean Campus, 2014 (in Thai).

[10] P. Prakotmak, "Modeling heat and mass
transfer in drying of single-kernel brown rice,"
The Journal of King Mongkut's University of
Technology North Bangkok, vol. 24, no. 3, pp.
634-643, 2014 (in Thai).

[11] lgauz, A., Rodriguez, M. and Virseda, P.
(2006). Influence of handling and processing of
rough rice on fissure and head rice yields,
Journal of Food Engineering, vol.77, pp. 803-
809.



