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PONG HQC QUA TRINH SAY HAT ME (Sesamum indicum L)
TRONG MAY SAY TANG SOI
Pham Trwong Son’
Trén Dinh Anh Tudn®
TOM TAT

Trong nghién cizu ndy, hat mé (Virng) diroc sdy trén may sdy tang sbi ¢ cac nhiét
d¢ sdy khac nhau (45, 50, 55, 60, 65 °C) @¢é nghién cizu vé dong hoc qua trinh say tir
dirong cong sdy thuc nghiém. Tir @6, 05 mé hinh todn khdc nhau duwa trén dinh ludt
khuéch tan thi hai cua Fick diroc ap dung dé xdc dinh méi twong quan giita dé am
khong thiz nguyén theo thoi gian. Két qua 1a md hinh todan ADM (Approximate
Diffusion model) phii hop nhdt véi két qua thuec nghiém véi gid tri @6 léch trung binh
binh phirong (RMSE) nhé hon 0,01 va hé sé twong quan binh phwong 1ém hon 0,997.
pong thoi, hé sé khuéch tan am hiéu dung ciing dwoc xdc dinh thong qua két qud
thuc nghiém véi gia tri tang nir 4,24.10™ d@én 1,38.107° m%s khi nhiér dé sdy ting tir
45 dén 65°C. Déi Véi qué trinh sdy nay, nang heong hoat héa ciing dwoc xde dinh

bang 26,09 kd/mol dua theo dang phwong trinh Arrhenius.
Tir khéa: Pong hoc qua trinh sdy, sdy hat me, tang sbi, hé s khuéch tan am

hiéu dung, dinh ludt khuéch tan Fick

1. Giéi thigu

Cay me la cay trong lau nim trén
thé g|0| thugc nhém cay lay dau. Chuing
dugc trong phd bién & cac nudc nhu An
Do, Myanmar, Sudan va Trung Qudc.

Hat mé chtra khoang 25% protein
va 50% dau. Protein trong vimng c6 ham
lwong lysine hoi thap nhung lai giau cac
axit amin khac, dac biét la methionine,
cystine, arginine va leucine. Dau mé
chtra axit linoleic (37-47%), axit oleic
(35-43%), palmitic (9-11%) va axit
stearic (5-10%) véi mot luong nho axit
linolenic [1]. Hat me c6 chira mot nhom
cac hop chat, dugc goi la lignans, co
nhiéu téc dung tang cudng sirc khoe.

Hat mé dugc st dung nhiéu trong
cdng nghé ché bién thuc pham. Dau me
dugc st dung dé 1am cac moén salad
hodc ding lam dau an. Dau mé tinh ché
chu yéu duogc sir dung trong dugc pham
va my pham. Bé thu duoc hat me, cay
me phai duoc thu hoach thua cong, mang
phoi ning dé hat mé tu tach ra. Hat meé
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cling can duoc siy dén d6 am khoang
6% dé bao quan lau dai [2]. Céc thong
s6 vat ly trung binh cua hat mé 1a duong
kinh twong duong 1,56mm, cau tinh
0,56, dién tich bé mat 7,8mm?* va khéi
lwong riéng 1224 kg/m® nén rat phu hop
dé say tang soi [3].

Theo [2], may sdy tang sdi phu hop
dé sdy hat mé vang & nhiét do va van
téc hop 1y lan luot 12 63,13°C va 1,21
m/s, d6 am san pham dat 6,26% va chi
phi nhiét niang cho 1kg 4m bay hoi dat
4989 kl/kg am. May siy tang sbi co
nhiéu vu diém nhu hiéu qua truyén
nhiét va truyén khéi lén, do am san
phim ddng déu va téc do siy Ion nén
rat thich hop dé sdy cac hat c6 kich
thudc nho.

Truyén chat trong céc quéa trinh
thuc pham duoc mo ta boi dinh luét tha
hai cua Fick, trong nhiéu truong hop cé
the giai quyet duoc bang phan tich xu ly
s6 lieu néu co day da dir liéu thuc
nghiém, ciing nhu diéu kién ban dau va
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diéu kién bién dé xac dinh hé sé truyén
khdi hiéu dung. Pong thoi, khi biét gia
tri cuia hé sé nay, cac md phong truyén
khi c6 thé thuc hién duoc va su phan
bd nong do am theo thoi gian va khdng
gian trong thuc pham c6 thé thu duoc
bang céch giai phuong trinh Fick. Céac
dang toan hoc cua khuéch tan am cho
cac dang mau c6 hinh hoc khac nhau co
thé tim thay trong cubn sach ndi tiéng
cia Crank [4]. Phuong phap sé duoc
cung cap bai cac phan mém may tinh
xt ly nghi¢ém cta phuong trinh dao ham
riéng (PDE) cho bai toan dong luong,
truyén nhiét va truyén khdi, chang han
nhu Navier-Stokes, Fourier va Fick.

2. Vat liéu va phwong phap

2.1. Vit liéu sdy

Hat me vang (Sesamum indicum L),
¢6 d6 4m trung binh sau thu hoach 21%
(co so kho), véi kich thuéc hat dong
déu, khong bi 1ép duoc sir dung lam vat

p
1 ‘|
l

liéu say trong céac thi nghiém. Cac thdng
s6 vat ly coa hat mé duoc trinh bay
trong bang 1.

2.2. Phuwong ti¢gn nghién ciru

Qua trinh thuc nghiém duoc tién
hanh tai phong thuc hanh k§ thuat sy
X6.11, khoa Céng nghé Nhiét Lanh
truong Pai hoc Céng nghiép thanh phd
Ho6 Chi Minh. Hat mé dugc siy trén mo
hinh may siy tang sdi kiéu mé co ning
suat 5 kg/mé, vén tdc tac nhan sdy dugc
diéu chinh bang bién tan Iip cho quat va
dugc do bang may do toc do gid
SDL350 cua hang Extech Instruments,
c6 sai s6 phép do 1a +£0,01m/s. Nhiét do
tac nhan sdy dugc didu khién bang bo
diéu chinh nhiét dd6 Autonics TZN4S-
14R. Do am vat liéu siy duoc xac dinh
bing may do d6 am vat liéu ma hiéu
AGS50 cua hing Axis, Balan, sai s6 do
la +0,01%. Thoi gian ldy mau 1a 5
phat/lan.

1- Tu dién diéu khién; 2- Quat cap khéng khi; 3- Bo gia nhiét;
4- Budng ling; 5- Budng say; 6- Budng phan phdi TNS
Hinh 1: M6 hinh may sdy tang s6i dang mé
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Bang 1: Thong sé vdt Iy ciia hat mé va pham vi thuc nghiém

Loai hat Hat mé vang (Sesamum indicum L)
Hinh dang hat Hinh cau

Cau tinh 0,56 [3]

Puong kinh twong duong (m) 1,52.10°[2]

Khdi luong riéng (kg/m®) 1219 [2]

D6 am ban dau (co so kho, %) 21

Nhiét d6 say (°C) 45, 50, 55, 60, 65

Van toc tc nhan sy (m/s) 1,21 [2]

Khdi lvgng mdi mé say (kg) 5

2.3. Phwong trinh khuéch tan am Fick

Dinh luét khuéch tan tht hai cta Fick duoc str dung dé mo ta qua trinh khuéch
tan am:

%V' =D, V’M 1)

Hé s6 do am khong thir nguyén ctia cac miu trong qua trinh sdy dugc biéu thi
bang phuong trinh sau:

M-M,

MR=—"%
MO_Me

)
Do gi4 tri Me nho hon nhiéu so voi M va Mg nén dai luong MR c6 thé duoc tinh
dudi dang don gian hon [5] ma sai s0 khong dang ké:
M
MR =— 3)
My
Dang giai tich don gian cua phuong trinh khuéch tan am cua Fick cho vat liéu co
hinh dang tam phang, hinh try hodc hinh cau dugc sir dung dé tinh toan hé s6 khuéch
tan am hi¢u dung [6] khi bo qua sy co rut cua vét liéu va xem nhu 4m phén bo déu
bén trong vat liéu say:

Tam phang dai v6 han:

8 < 1 , 17D, t
MR=—= ——exp| —-(2n-1)* —* 4
Y @
Hinh tru dai v6 han:
= 4 S2D, .t
MR =Y — exp| - —eff- ()
éﬂf { RS }

Hinh cau:
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o0 2
MR =Z%exp{—n2%} (6)

~ Vi thoi gian sdy dai (MR<0,6) va kich thudc L, Re, Rs bé thi phwong trinh c6
thé viét lai nhu sau:

2
MR :%exp{—” Beﬁt} (7)
2
MR_—Zexp{ ﬁlFE);“t} 8)
1 (o
6 Dt
MR = ?exp{—%} (9)

Cac mo hinh toan khac nhau da Pé xac dinh duoc cac hé sb nay, dir liéu
dugc dé xuat nham xdy dung dudng thyc nghiém dugc st dung cung voi
cong sdy phu hop véi thuc té. Cac md phuong phap hdi quy phi tuyén va c6
hinh nay dugc trinh bay trong bang 2, thé tinh todan bang phin mém
bao gé)m cac hé sd: a, b, k, n phu thudc Statgraphics.
vao timg loai vat liéu sdy va ché do say.

Bang 2: Téng hop mé hinh todn xdc dinh dé am khéng thiz nguyén [7]

M@ hinh toan Phuong trinh

M hinh Newton (NM) MR = exp (-kt)

M® hinh Henderson and Pabis (HPB) MR = a exp (-kt)

Mo hinh ham ma (TEM) MR = a exp (-kt) +(I-a) exp (-kat)
M® hinh khuéch tan am xap xi (ADM) MR = a exp (-kt) + (1-a) exp (-kbt)
M®& hinh logarit (LM) MR = aexp (—kt) + b

Mtrc d6 phu hop cua mé hinh toan trung binh (MSE) hay dang can bac hai
duoc xac dinh bang cac tham sé théng  (RMSE). Dé danh gia mo hinh toan 1a
ké nhu hé sb tuong quan (R?), chi binh  phu hop nhit thi gia tri R® phai cao va
phuong (%) va sai sb toan phuong gié tri x* va RMSE phai thap.

1 n ) 1/2
RMSE = {— E(MRexp’i ~MR,;) } (10)
n 2
Z MRex i MR re,i
ZZ — i:l( P P ) (11)
N—-n

2.4. Hé s6 khuéch tin am hiéu dung bang thiét bi do ma thong qua viéc tinh
Hé sb khuéch tan am hiéu dung 1a  toan. Gié tri ciia Dess rat bé nén viéc xac
dai luong can thiét trong mdé phong  dinh cang chinh xé4c thi bai toan md
truyén chat cua céc qua trinh sdy. Tuy  phong qua trinh trao ddi am cang hop
nhién, day la dai lugng khoéng do dugc  ly. RG rang rang nhiét do anh huong sy
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rat 16n hé s6 khuéch tan am nén gia tri ~ Arrhenius [6], [7], [8]:
Dest phU hgp véi loai phuong trinh

—E
D =Dy eXp( RTa) (12)

Hé sb khuéch tan 4m hiéu dung c6  khac nhau va ¢ cung van téc TNS duoc
thé duoc tinh toan tir cong thirc (9) nho tong hop va trinh bay dudi dang dudng
vao gia tri MR thyc nghi¢m. Tur d6 céc cong Séy trén hinh 2. Pé dat duoc do
gia tri hé s6 khéch tan 4m tham chiéu  am san pham 6,2%20,1, khi siy voi
Do va niang luong hoat héa E, trong  nhiét d6 45°C thi thoi gian siy gap 3
phuong trinh (12) ¢ thé duoc xac dinh  1an khi sdy & nhiét do 65°C. Nhiét do
dua vao phuong phap hdi quy phi say 50°C, 55°C, 60°C chénh léch thoi

tuyén. gian sdy khoang 5 phut (gia tri téi thiéu
3. Két qua va thao luan cho 1 lan lay sé liéu). Téc @6 say lon
3.1. Pwong cong sdy trong khoang 500s dau va giam dan khi

Két qua sdy hat mé trén may say  do am thép.
tang s6i dang mé ¢ 05 nhiét do siy

1 T T T

09§

08

0.7

0.6

0.5

MR

0.4
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0.2 *

0.1 -

0 1 | 1 | 1 |
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Thai gian, phat
Hinh 2: Puong cong say hat mé ¢ 05 mizc nhiér dé sdy khac nhau
3.2. Péng hoc qué trinh sdy hinh todn khéc nhau (bang 2). Két qua
Céc dir liéu thuc nghiém dugc xu ly phan tich dir liéu duoc trinh bay tir bang
trong phan mém Statgraphics Centurion 3 dén bang 7. Trong nghién ctu nay,

18 bang phuong phéap hdi quy phi tuyén gia tri thoi gian t trong cac phuong trinh
(nonlinear regression)[9] theo 05 md dugc tinh theo phat.

136



TAP CHi KHOA HOC - BAI HOC PONG NAL, SO 20 - 2021 ISSN 2354-1482

Bang 3: Phan tich di liéu theo cac mé hinh Newton

Nhiét do say, Cac hé sb
°C
k RMSE Y’ R’
45 0,021676 0,09924107 0,867641 0,73186
50 0,044402 0,07563478 0,957659 0,89438
55 0,051325 0,0569785 0,976028 0,95058
60 0,06646 0,06882129 0,880136 0,93646
65 0,075196 0,0587784 0,932494 0,95762

Bang 4: Phan tich di liéu theo cac mé hinh HPB

Nhiét do Céc hé s6

sy, "C oy a RMSE 7 R
45 0,016229  0,81921  0,07288944 0,999304  0,86386
50 0,03863  0,90746  0,06757011 0,991408 0,92775
55 0,047826 095022  0,05670388 0,989074  0,95921
60 0,061662 094515  0,07070658 09326  0,94635
65 0,071375 096157  0,06351 0,054264  0,96289

Bang 5: Phan tich di liéu theo cac mé hinh TEM

Nhiét do Céc hé so

sy, °C Kk a RMSE % R?
45 0,092818  0,18527  0,07374205 0,996355  0,86066
50 0202617  0,17375  0,05206765 0,997398  0,9571
55 0,197209  0,1998  0,036562  0,998772 _ 0,98304
60 0,251564  0,20413  0,04856223 0,983386  0,97469
65 0,290463  0,19947  0,03949 099119  0,98565

Bang 6: Phan tich di liéu theo cdc mé hinh ADM

Nhiét do Céc hé s0

say,’C b k a RMSE  y° R?

45  0,0638166 0,089384  0,53131 0,00765216 1 0,99859
50  0,0960817 0,198614 0,41263 0,00872851 1 0,999

55 0,0249953 0,102295  0,71529 0,01707852 0,999998 0,99704
60 -0,057159 0,129013  0,78392 0,00636418 1 0,99967

65 -0,052851 0,140068  0,77973 0,00963744 0,999987  0,99943

137



TAP CHi KHOA HOC - BAI HOC PONG NAL, SO 20 - 2021

ISSN 2354-1482

Bang 7: Phan tich di liéu theo cac mé hinh LM

Nhiét o Cac hé sb

sdy,°C_ b k a RMSE 2 R
45  0,309248 0,058985  0,66569 0,01545539 1 0,99426
50 0,306089 0,104478  0,68236 0,01942707 0,099999  0,99502
55  0,2614650 0,100034  0,74254 0,01698505 0,999998  0,99707
60 0265117 0,138698  0,73638 0,00694483 1 0,99961
65 0,263532 0,148599  0,7375 0,00983007 0,999989  0,99941

Két qua phan tich cho thay mé hinh
ADM va LM c6 cac gia tri RMSE thap
nhat nén phu hop nhat véi két qua thuc
nghiém. Nhung xét vé chi s6 y? va R?

1R

thi mdé hinh ADM c6 céc gié tri nay 16n
hon nén rat phd hop hon ca. Két qua
nay c6 thé thay rd thong qua db thi trinh
bay trén hinh 3.

0.9 [~
0.8 -
0.7 -

0.6 -

0.5 - ¢

MR

0.4 -

0.3 -

0.2 -

0.1 -

O 45°C-Thyc nghiém
A 50°C-Thye nghiém
< 55°C-Thyc nghiém
%X 85°C-Thyc nghiém
——45°C-md hinh ADM |
——50°C-mb hinh ADM
——55°C-md hinh ADM ||
——60°C-mb hinh ADM
——65°C-mb hinh ADM

o 1
(o] 10 20 30

1 I I
40 50 60 70

Thei gian, phut

Hinh 3: Duong cong sdy hat mé theo md hinh ADM

3.3. Tinh toan hé sé khuéch tan
am hiéu dung

Phuong trinh (9) dwoc sir dung dé
tinh toan hé sé khuéch tan 4m hiéu dung
theo nhiét do siy khac nhau va tir céc
két qua nay, phuong trinh (12) duoc
dung dé xac dinh céc hé sb Dy va E,
theo phwong phap hoéi quy phi tuyén.
Két qua tinh toan cho thay hé s6 khuéch
tan 4m hiéu dung ting tir 4,24.10™"* dén

1,38.10"° m%s khi nhiét do siy tang tir
45 dén 65°C.

Cac hé s6 Dy va E, trong phuong
trinh (12) ciing duoc xac dinh lan luot
la 1,341.10° m?s va 26,09 kJ/mol
bang phan mém Statgraphics. Két qua
nay twong ddi phi hop véi nghién cau
cua Senadeera va cong su [6] va co s&
dir liéu cua Panagiotou va cong su [10]
vé hé sb khuéch tan ddi voi cac dang
vat liéu khac nhau.
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Bang 8: Két qud tinh toan hé sé Des

2
Nhist  Nhist ——— D (M75)
4o séy 46 séy Tinh toan Tlrlh t\oan Do (mZ/s) (= R
oC ’ K " theo thuc mo hinh (kJ/mol)
nghiém toan
45 318  4,24.10™ 6,93.101
50 323 751101 8,07.10™"
55 328 9,63.10™ 9,36.10™ 1,341.10° 26,09 0,8138
60 333 1,16.10%° 1,08.107°
65 338 1,38.10%° 1,24.10°

4. Két luan

Tbc do sy trong may sdy tang sdi
chiu anh huong 16n boi nhiét do say,
nhiét d6 sdy cang cao thi thoi gian siy
cang ngan. Tuy nhién, nhiét do siy qué
cao ciing khong thich hop voi cac loai
hat ndng san ciing nhu lam tiéu ton
nhiéu ning luong dong thoi ciing lam
giam cac hoat tinh c6 lgi cia néng san.
Do véy can tinh todn va chon ché do
say hop 1y @i véi mdi loai néng san.

Nghién ctu vé doéng hoc qué trinh
say tap trung vao viéc du doan dudng
cong sdy va xac dinh hé s khuéch tan
am hiéu dung, giGp cho viéc md phong
qué trinh trao doi am khi sdy duoc
thuan tién hon. Trong nghién ctu nay,

mé hinh khuéch tan xép xi ADM
(Approximate Diffusion model) duogc
xéc dinh 1a phi hop nhat véi duong
cong sy thuc nghiém. Cac hé sb trong
mo hinh ciling d3 dugc xac dinh trong
bang 6.

Két hop véi két qua thyc nghiém,
hé s6 khuéch tan 4m ddi véi qué trinh
say hat me tang séi cling duoc tinh toan
va phu thudc vao nhiét d6 say. Nhiét do
say cang cao thi hé s6 khuéch tan am
hiéu dung cang lon, tr 4,24.10™ dén
1,38.10™ m%s. Nang lugng hoat hda
can thiét dé tach am trong qua trinh sy
cling dugc xac dinh bang 26,09 ki/mol
v6i hé sb twong quan 0,8138 dua theo
dang  phuong  trinh  Arrhenius.

DANH MUC KY HIEU VA CHU VIET TAT

TNS Téc nhan say

NM Newton model

HPB Henderson and Pabis

TEM Two term exponential model

ADM Approximate Diffusion model

LM Logarithmic

RMSE Root Mean Square Error

eff Effective

exp experiment (thyc nghiém)

pre predicted (du doan ttr md hinh toén)
a, b,k Cac hé sb trong md hinh toan

Do Gi4 tri thir nhét trong phuong trinh Arrhenius, m?/s
= Nang luong hoat hoa, kJ/mol

L Chiéu day tam phing, m
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M Do am hat mé theo co s kho & thoi diém bat ki, %
Mo Do 4m ban dau cua hat meé theo co s& kho, %
M. Do am can bang cua hat meé theo co so khd, %
MR dimensionless moisture ratio

n S6 béc trong phuong trinh

N S thi nghiém

R Hang s6 khi ly twong, 8,314 kJ/(kmol.K)

R¢ Ban kinh vat hinh try, m

Rs Ban kinh vat hinh ciu, m

T Nhiét 3o, K

t Thoi gian sy, s

B Nghiém cta ham Bessel
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KENETICS OF SESAME SEED DRYING PROCESS (Sesamum indicum L)
IN FLUIDIZED BED DRYER
ABSTRACT

In this study, sesame seeds were dried on a fluidized bed dryer at different drying
temperatures (45, 50, 55, 60, 65<C) to study the drying kinetics from the
characteristic drying curve. Accordingly, 05 different mathematical models based on
Fick’s second law of diffusion are applied to determine the correlation between
dimensionless moisture ratio versus time. As a result, the Approximate Diffusion
model (ADM) were found to match to the experimental results with the Root Mean
Square Error (RMSE) value less than 0,01 and the coefficient of correlation greater
than 0.997. At the same time, the effective diffusion coefficients were also determined
through experimental results with an increase in value from 4,24.10™ to 1,38.10*°
m%s when the drying temperature increases from 45 to 65<C. For this drying
process, the activation energy is also determined by 26.09 kJ/mol using the
Arrhenius-type relation.

Keywords: Drying kenetics, drying of sesame seed, fluidized bed, effective
diffusion coefficient, Fick's diffusion equation
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