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ABSTRACT

Vacuum drying is an advanced method widely used in the processing of dried
fruit and vegetable products. In this study, the effect of four temperatures (40°C,
50°C, 60°C, and 70°C) at a constant vacuum level of -700 mmHg (corresponding
to an absolute pressure of 60 mmHg) on the kinetics of moisture ratio change of
black cherry tomatoes (Solanum lycopersicum cv. OG) were investigated. The
suitable model for describing the vacuum drying process was chosen by fitting
eight commonly used drying models (Lewis, Page, modified Page, Henderson
and Pabis, logarithmic, two-term, two-term exponential, modified Henderson
and Pabis). The effective moisture diffusivity and activation energy were
calculated using the Fick’s diffusion equation. The results showed that
increasing drying temperature accelerated the vacuum drying process and the
goodness of fit tests indicated that the suggested logarithmic model gave the best
fit to experimental data among the eight tested drying models. The everage
effective moisture diffusivity values varied from 3,9028.10° to 1,7580.10° m%s
over the temperature range. The temperature dependence of the effective
moisture diffusivity for the vacuum drying of the black cherry tomato samples
was satisfactorily described by an Arrhenius-type relationship with activation
energy value of 38.69 kJ/mol within 40 to 70°C.

TOM TAT

Say chan khéng la mét phirong phdp tién tién dwoc si dung rong rdi trong ché
bzen cde san pham rau qud. Trong nghién cieu ndy, anh hwong cua bon nhiét do
sdy khdc nhau (40°C, 50°C, 60°C va 70°C) & mitc chén khéng cé dinh la -700
mmHg (twong ung voi dp sudt tuyét déi 60 mmHg) dén dong hoc bién doi ty 1¢
am ciia trdi ca chua bi den (Solanum lycopersicum cv. OG) da dieoc khdo sdt.
Tém mé hinh sy thong dung (Lewis, Page, Page diéu chinh, Henderson va
Pabis, logarit, hai tham so”: ham mii hai tham sd Henderson va Pabis diéu chinh)
duoe kiém tra dé chon ra mé hinh phix hop. PY khuéch tan dm hiéu qud va ning
lwong hoat héa duwoc tinh todn bang phuwong trinh khuéch tén Fick. Két qud cho
thdy nhiét dg say tang da thiic ddy qud trinh sdy chdn khong dién ra nhanh hon
va mé hinh logarit dioc chitng minh la phit hop nhat véi cde dit liéu thie nghiém
trong 6 tém mé hinh thir nghiém. Gia tri do khuéch tan am hiéu qua dao dong
tir 3,9028.10°° d@én 1,7580.10° mPs trong pham vi nhiét dg khao sat. Sw phu
thudc nhiét @b ciia do khuéch tén éam hiéu quda tuan theo phuwong trinh Arrhenius
VOi gia tri nang lwong hoat hoa la 38,69 kJ/mol trong khodang nhiét do 40-70°C.
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1. PAT VAN BE

Ca chua bi den 1a loai ca chua méi xuét hién &
Viét Nam trong nhitng nim gan day va dang duoc
nguoi tiéu dung quan tdm. Lycopene la loai
carotenoid ddi dao nhét (chiém khoang 80-90% tng
lwong carotenoid) va c6 kha ning chdng oxy hoa cao
nhét trong ca chua (Alda et al., 2009). Cac nghién
ctru dich t& hoc da chimg minh dugc sic tb do nay
¢6 kha nang 1am giam nguy co méc cic bénh man
tinh, dac biét 1a ung thu tuyén tién liét (Ford and
Erdman, 2012), dong vai tro quan trong trong viéc
ngan ngtra bénh tim mach (Mordente et al., 2011),
giup giam nguy co tir vong do bénh Alzheimer &
nguoi truong thanh (Min & Min, 2014), c6 lgi trong
viéc diéu tri bénh Parkinson va cac bét thuong than
kinh khac bing cach bao vé chdng lai stress oxy hoa
(Kaur et al., 2011). Ngoai carotenoid, ca chua con
chira cac thanh phan chdng oxy hoa khic nhu
vitamin C va cac hop chit phenolic ¢6 kha ning wrc
ché cac loai oxy hoat dong gy ra nhidu bénh nguy
hiém (llahy et al., 2009). Pang chu ¥ 1a ham lugng
cac hop chét phenolic va sic t6 carotenoid, dac biét
1a lycopene trong ca chua bi den dwoc tim thiy con
cao hon so véi cac giéng ca chua do (Zhang et al.,
2018). Bic biét, ca chua bi den con san sinh ra mot
thanh phan doc dao 1a anthocyanin tap trung chu yéu
& phan vo bén ngoai ma céc loai ca chua dé khong
c6 (Li et al., 2011). Anthocyanin d3 dugc chang
minh 14 c6 lién quan dén nhiéu loi ich sirc khoe, 1am
giam sy tang sinh té bao ung thu, bao vé chéng lai
bénh tim mach ciing nhu ngin ngira béo phi va tiéu
duong (Lila, 2004). Do nhitng loi ich vé sic khoe
nén trai ca chua c6 thé dwoc sir dung nhu rau tuoi
hoic ché bién thanh nhiéu san pham phd bién
(Zhang et al., 2018) nhu s6t ca chua, nudc ép ca
chua, bot ca chua, ca chua sy déo, ca chua ngam
giam.

Sy kho 1a mot trong nhitng phuong phap bao
quan thuc phim quan trong va lau doi nhét
(Michailidis and Krokida, 2014). Viéc loai bt 4m
tir nguyén lidu gitip ngan can sy phat trién va sinh
san cua cac vi sinh vat gy hu hong, 1am cham hoat
d6ng caa enzyme va giam thiéu nhiéu phan tng xau
lién quan dén am (Wu et al., 2007). Mic du sy co
hiéu qua kéo dai thoi gian bao quan nong san nhung
su giam chat luong vé cam quan va dinh dudng la
khong thé tranh khoi trong qua trinh sdy kho truyen
thdng do nhing bién d6i khong mong mudn vé ciu
trac va dic diém sinh hoa (Wu et al., 2007).

So VO’I sdy trong diéu kién khi quyen thong
thuong, sdy chén khong c6 mét s6 déc diém ndi troi
nhu téc do sdy cao hon, nhiét do sdy thap hon va
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mdi trudng it oxy hon din dén chét luong va gia tri
dinh dudng cua san phiam sdy giit duoc tét hon
(Thorat et al., 2012). Siy chan khong hoat dong &
ap suét thap hon, diém s6i cua nuéc giam nén sy bay
hoi 4m dién ra ¢ nhiét d6 thap hon, diéu nay giup
bao vé cac thanh phan nhay cam véi nhiét co trong
thuc pham (Thorat et al., 2012). Ngoai ra, moi
truong it oxy trong qua trinh siy chan khong sé ngin
can dugc cac phan ung oxy hoa (Thorat et al., 2012).
S4y chan khong di duoc ap dung dé siy cac loai trai
cay va rau qua khac nhau nhu xoai (Jaya and Das,
2003), ca rot va bi do (Arevalo-Pinedo and Murr,
2007), ca tim (Wu et al., 2007), gung (Thorat et al.,
2012) vai chét luong san pham vuot troi.

Nghién ciru dong hoc thuong duoc sir dung dé
mb ta co ché cuia qua trinh truyén khéi trong khi siy
va chiu anh hudng dang ké bai didu kién siy (Giri
and Prasad, 2007). M6 hinh dong hoc sdy 1a rat can
thiét cho viéc thiét ké thiét bi, toi vu hoa qué trinh
va cai thién chit luong san pham (Giri and Prasad,
2007). Do d6, muc tiéu ciia nghién ctu 1a hiéu biét
co ban vé dong hoc thay ddi ty 18 4m cua ca chua bi
den trong qua trinh sdy chan khong ¢ cac nhiét do
khac nhau va chon mé hinh say phut hop trong sb cac
mo hinh duogc thyuc hién.

2. PHUONG PHAP NGHIEN CUU
2.1. Chuan bi miu ca chua

Hat gidng ca chua bi den (Solanum lycopersicum
cv. OG) dugc cung cap tir cira hang hat gidng F1508
(Thanh phd H6 Chi Minh) va trong tai nha lugi caa
co s& san xuat va kinh doanh Nam Long (Vinh
Long). Trai ca chua duoc thu hoach & d6 chin hoan
toan (32 ngay sau khi du trai) khi duong kinh trai
dat 25,11+1,83 mm, khdi luong trai 22,25+1,28 g;
ham luong chat kho hoa tan téng va gia tri pH tuong
ung la 6,17+0,12°Brix va 4,43+0,06; d6 cimg trai
899 g (trai dugc do d6 cing bang thiét bi Rheo Tex
(SD 700, Sun Science, Nhat), sir dung dau do hinh
tru dau phang c6 duong kinh 1 ecm do Iyc can thiét
nén thiang vao giita qua véi quing duong di chuyén
4 mm). Loai bo nhimng trai bi hu hong hoac khuyét
tat. Ca chua sau khi thu hoach dugc cho vao hop
nhua PVC (polyvinyl clorua) va sau d6 cho vao
thing carton dé tranh lam ton thwong qua, ca hop
nhua PVC va thing carton déu c6 duc 16 dé tao su
thong thoang, van chuyén vé phong thi nghiém cua
B6 moén Cong nghé Thuc pham, Truong Pai hoc
Can Tho trong vong 1 gid. Ca chua duoc rira sach
va ngam trong nudce cé suc khi ozone trong 15 pht
bang thiét bi tao ozone 2 voi (2755, Viét Nam, kha
ning tao ozone 80,4 mg/h) dé tiéu diét cac vi sinh
vat trén bé mat, khdi luong mau 1,5 kg, ty Ié giira
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nguyén liéu va nuéce 1a 1:2 (Ha and Thuy, 2020a).
Qua trinh x1r Iy chan khéng sau d6 dugc thuc hién
trong hé théng kin duoc két ndi voi bom chan khong
(Rocker 400, Laftech, Uc) dé thay thé cac chit khi
bén trong trai bang chat I6ng nham tang d6 dan nhiét
cho qué trinh chan tiép theo. D6 chan khong va thoi
gian xir Iy duoc chon lan luot 1a 620 mmHg va 22
phut véi ty 1€ nguyén liu va nude 1a 1:1, sau do,
chan khong dugc pha bo, mau duoc lay ra khoi thiét
bi va giit & diéu kién khi quyén trong 15 phut (Ha
and Thuy, 2020b). Trai sau khi xtr 1y chan khong
duoc ngam trong dung dich CaCl, 2,08% & nhiét do
62°C trong 23 phut trudc khi thyc hién qua trinh
chan trong nudc ¢ nhiét d6 90°C trong 1 phut nham
cai thién do cung cua trai. Qua trinh xtr 1y CaCl, va
chan déu duogc thuc hién bang cach cho 1 kg mau
vao trong 16 ludi bing inox hinh chir nhat (dai 25,5
cm; rong 10 cm; cao 6,5 cm V&i cac 16 vudng kich
thudc 0,5 cm) va ngam vao bé diéu nhiét (Rex C-90,
Memmert, Pic), trong dé ty 1€ nguyén liéu va dung
dich 1a 1:2. Sau dé, trai duoc lam lanh nhanh bang
nuéce lanh (10°C) trong 1 phut dé ngan chin sy pha
hay béi nhiét, 1am rao va dung kim xam 16 nho trén
bé mit trai (dwdng kinh 16 1 mm, mat do 20 15/cm?)
do ca chua c6 1op vo sap gay kho khan cho qua trinh
truyén khdi giira qua va dung dich uu truong. Qua
trinh tham thau c6 ung dung xir Iy chan khong duoc
thuc hién bang cach ngdm trong dung dich dwdng
saccharose ¢ nong d6 59°Brix, d6 chan khong 625
mmHg trong 11 phut, sau d6, chan khong dugc pha
bo, mau duoc Iy ra khoi thiét bi va trai ca chua van
tiép tuc dwoc ngim trong dung dich duong
saccharose nay & ap suat khi quyén dé thyc hién qua
trinh tach nudc tham thau trong 4 gio. Cac thong sd
trén day déu 1a két qua thu duoc tir cac nghién ciu
da dugc thyc hién boi nhom tac gia.
2.2. B$ tri thi nghiém

Ca chua bi den sau khi tham thu trong dung dich
duong dugc say bang tu say chan khong (WiseVen
VO-30, Scilab, Han Qudc) c6 két noi vai bom chan

Bang 1. Cac mé hinh dwong cong siy théng dung
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khong (RZ 6, Vacuubrand, Ptrc). Qua trinh sdy
dugc thyc hién & mirc chan khong ¢b dinh 1a -700
mmHg (twong ang voi ap suét tuyét d6i 60 mmHg)
vabon nhiét do sdy khac nhau (40°C, 50°C, 60°C va

70°C). bo 4m ban dau caa mau dugc xac dinh la
78,68+1,09% (theo cin ban wdt) bang phuong phap
sdy ¢ 105°C dén khéi lugng khong d6i (Pham Vian
S6 va Bui Thi Nhu Thuan, 1991). Cac trai ca chua
duoc trai thanh mot 16p trén khay dung mau va giir
bén trong budng chan khong. Hé thong can 3-5 phut
dé dat d6 chan khong yéu cau. Khéi lwong mau dugc
xéc dinh sau mdi 30 phat bang can phan tich (JJ200,
G&G, Trung Quéc, d6 chinh xac +0,01 g) lién tuc
trong Suot qué trinh sdy chan khong dén khi dat do
4m yéu cau 1a 20% (tinh theo cin ban wdt), twong
ng Vvéi gia tri hoat d6 nudc ay cua san pham dat
khodng 0,55 gitp hd trg cho qua trinh bao quan vi
gidi han ay (rc ché sy phat trién caa nam méc va nam
men la khoang 0,61 (Bhagwat, 2019). Thi nghiém
dugc thuc hién véi ba 1an 13p lai va sb liéu biéu thi
la gia tri trung binh.

2.3. Mo hinh héa dong hec

Ty 1¢ am (MR - moisture ratio) ciia ca chua bi
den trong qua trinh say chan khong dugc tinh toan
theo cong thtic 1 (Akpinar, 2010).
M¢—M,
Mo—Me

MR = (1)

Trong d6, MR 1a ty 1& 4m (khong thtr nguyén);
Mo, Me, M lan luot 1a ham lwong am ban dau, ham
lwong &4m khi can bang va ham lugng 4m t:@l thoi
diem t (kg nudc/kg chat kho), t 1a thoi gian say (S).

Gia st rang ham luong am & bé mit trai twong
duong v6i ham lwong 4m can bang trong toan bo trai
va bé mat trai van tiép tuc thoat am trong sudt qua
trinh say (Me = 0) thi cong thirc 1 ¢6 thé dugc don
gian hoa thanh cong thirc 2 (Thakor et al., 1999).

MR=12t  (2)

Mo

Tén m6 hinh Cong thirc Tai liéu tham khao

Lewis MR = exp(-kt) Bruce (1985)

Page MR = exp(-kt") Page (1949)

Page diéu chinh MR = exp[-(kt)"] Overhults et al. (1973)
Henderson va Pabis MR = a exp(-kt) Henderson and Pabis (1961)
Logarit MR = a exp(-kt) + c Togrul and Pehlivan (2002)

Hai tham so
Ham mt hai tham s6
Henderson va Pabis di€u chinh

MR = a exp(-kot) + b exp(-kit)
MR = a exp(-kt) + (1 - a) exp(-kat)
MR = a exp(-kt) + (1 - a) exp(-kbt)

Ghi chii: k, ko, ku ld cde hdng sé tée dg sdy; n, a, b la cdc hé 6 Ciia mé hinh

Henderson (1974)
Sharaf-Eldeen et al. (1980)
Yaldiz et al. (2001)
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Tam mo hinh sdy _thong dung (Bang 1) dugc
phan tich théng ké bang phan mém Statgraphics
Centurion XV (U.S.A.) dé chon ra mé hinh t5t nhét
mb ta dudng cong sdy chan khong cia mau ca chua
bi den.

Hang s toc do say va cac hé sé cia mo hinh
dugc xac dinh bang phuong phéap phan tich hoi quy
phi tuyén tinh (Thorat et al., 2012). Hé s6 xéac dinh
(R?) 1a chi tiéu quan trong dé lya chon mé hinh tét
nhat mo ta duong cong say. Ngoai ra, gia tri x2 1a
binh phuong trung binh cua d¢ Iéch gitra gia tri thuc
nghiém va gia tri tinh toan va gia tri can cua sai &
binh phuong trung binh (root mean square error -
RMSE) ciing duoc st dung dé xac dinh mute do phu
hop cta mo hinh. Gia tri R? cang cao va gid tri 32 va
RMSE cang thap thi mic do phu hop cang ting
(Yaldyz and Ertekyn, 2001; Gunhan et al., 2005).
Gia tri > va RMSE dugc tinh toan theo cdc cong
thire 3 va 4 (Akpinar, 2010; Zarein et al., 2015).

N 2
2 _ 2i:1(MRexp,i_MRpre.i)
N-z

3)

1/2
Rexp,i)z]

Trong do, MRy 1a ty 1€ am khong thir nguyén
thuc nghiém, MRyre la ty 1€ & am khong thi nguyén du
doan, N la so diém dir lidu thuc nghiém va z 1a sé
tham s trong mé hinh.

2.4. Tinh toan dd khuéch tan 4m hiéu qua va
ning lwong hoat hoa

X

RMSE = [2 31, (MR e — M (4)

Do khuéch tan 4m hiéu qua cua ca chua bi den
dugc ude tinh bang cach sir dung md hinh khuéch
tan cua Fick (cong thirc 5) c6 tinh dén sy co rut
(Thorat et al., 2012).

ou _
at

2%u
eff gx2

®)

Trong do, u 1a ndng do (mol/m3), Deg 14 hé sb
khuéch tan (m?/s), t 1a thoi gian (s), X 1a do dai
khuéch tan (m).

Trong truong hop lam kho san pham c6 dang
hinh cau, gia su sy di chuyen am theo mot chiéu ma
d6 khuéch tan khong ddi trong toan b trai, phan bd
d6 4m ban dau dong déu nhau, ndng do bé mat trai
khéng ddi va su co rat cia ca chua bi huéng vao tim
trong qua trinh sdy thi dinh luat nay ¢6 thé dugc phat
trién dudi dang phuong trinh 6 dugc d& xuit boi
Crank (1979).

MR = & 35, % exp (~n2m? 2L

(6)
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Trong d6 n 14 s6 nguyén dwong, r 1a ban kinh trai
¢6 thé dugc biéu thi theo cong thic 7 (An et al.,
2013). Trong toan b qua trinh siy, dé tinh dén sy
co i, ban kinh trung binh ciia ca chua bi den & mdi
khoang thai gian (0,5 gio) duogc xac dinh.

Eoow

Khi thoi gian sdy dai (n = 1), cong thirc 6 co thé
duoc don gian hoa bang cach lay logarit cua hai ve
thanh phuong trinh dwong thang (8) (Doymaz,

2006).
= ()~ (50st)  ®

Do khuéch tan 4m dugc xac dinh bang cach v&
db thi cua In(MR) thuc nghiém theo (/r?) boi vi dd
thi cho mot duong thang c6 hé sé goc theo cong thirc
9 (Doymaz, 2006).

In(MR)

©)

Nang luong hoat hoa duoc tinh dua vao phuong
trinh Arrhenius (10) biéu dién sy phu thudc cta do
khuéch tan am hiéu qua vao nhiét do (Sanjuan et
al., 2003).

Hé s6 goc = m2D,ys

Dess =D, exp( R;) (10)

Trong d6, D, la thira s6 Arrhenius (thira s6 trudc
ham mii, D, trong dwong véi do khuéch tan & nhiét
dd cao vo han) (m?/s), Ea 1a ning lugng hoat hoa
(kJ/mol), R 1a hiang sé khi ly tuong (R = 8,314
J/mol.K) va T 1a nhiét do tuyét dbi (K).

3. KET QUA VA THAO LUAN
3.1. Anh huéng cia nhigt dp dén sy thay doi
do am theo thoi gian say

Qué trinh sy s& lam thay d6i d6 4m cua nguyén
licu. o 4m giam lién tuc theo thoi gian sy, tuy
nhién, téc d6 mat 4m dién ra nhanh trong giai doan
dau cta qua trinh sdy do ham lwong 4m ty do trong
nguyén liéu con cao (Thorat et al., 2012) va sau do
tdc d6 sy giam dan. Thoi gian can thiét dé 1am kho
mau ca chua bi den tir 46 4m ban dau 78,68+1,09%
(can ban udt) dén do 4m yéu cau 20,00+1,17% (cin
ban wét) duoc rit ngan khi ting dan nhiét do say do
qué trinh truyén nhiét va truyén khdi din ra nhanh
hon (Thorat et al., 2012). Vi nhiét do 40°C, thoi
glan sdy nguyén liéu keo dai dén 35 glo dé dat do
am yéu cau, trong khi d6, thoi gian Say dugc rat
ngén con 19 gid, 11,5 gio va 8 gio khi tién trinh sdy
duoc thuc hién ¢ nhiét do cao hon (twong (tng voi
50, 60, 70°C). Xu huéng nay ciing dién ra tuong tu
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khi sdy chan khong cc nguyén liéu khac nhu ca tim
(Wu et al., 2007) va gung (Thorat et al., 2012).
3.2. M hinh héa dwong cong siy

Céc dir liéu vé ty & am theo thoi gian sdy sau d6
dugc kiém tra tinh phii hop voi tim mo hinh say
thong dung (Bang 1). Két qua phan tich thong ké
dugc thé hién ¢ Bang 2. Gia tri R? déu Ién hon 0,97
cho thay su phu hop tot cia tat ca cac mo hinh. Tinh
phu hop ctia m6 hinh con dugc danh gia dya trén gia
tri v va RMSE. Nhin chung, gi4 tri R?, 4> va RMSE
dao dong trong khoang 0,9798 - 0,9995, 0,0000628
-0,0020658 va 0,0071913 - 0,0435160. Két qua tinh
toan cho thay mé hinh logarit thé hién sy phu hop
cao hon so v&i cac méd hinh khac & tit ca cac nhiét

Tdp 57, S6 1B (2021): 107-115

d6 sdy véi R2> 0,998, ¥ < 0,0002 va RMSE < 0,02.
Hinh 1 minh hoa sy twong thich gitta m6 hinh logarit
vé6i két qua thuc nghiém & cac nhiét do 40, 50, 60 va
70°C. B9 tin cay cta mo hinh logarit con dugc danh
gia bang cach so sanh ty 1& 4m tinh toan & cac nhiét
d6 say khac nhau véi cac gia tri ty 16 4m thu duoc tir
dir lidu thyc nghiém. Két qua phan tich hoi quy
tuyén tinh cho thdy gia tri dit liéu dao dong gan
duong thang c6 d6 dc 45° ching té su phu hop cia
md hinh logarit trong viéc mo ta qua trinh sdy chan
khong ca chua bi den, dién hinh 1a s6 liéu thu dugc
& nhiét do 70°C voi gia tri R? dat duoc 1a 0,9995
(Hinh 2). Tuong tu, & cac nhiét do con lai (40, 50 va
60°C), gia tri R? dat dugc lan luot 12 0,9986; 0,9988
va 0,9989.

Bang 2. Két qua phan tich thong ké sy phit hop ciia cac méd hinh véi dir ligu say

Nhiét do

M6 hinh shy (°C) Céc hé s ciia md hinh Hing sb toc dp say R? 1 RMSE
40 k =0,0893 0,9983 0,0001254 0,0111205
Lewis 50 k=0,1334 0,9865 0,0011728 0,0338148
60 k =0,1966 0,9798 0,0018899 0,0425577
70 k=0,2911 0,9888 0,0010611 0,0316025
40 n=1,0256 k =0,0836 0,9983 0,0001136 0,0105059
Page 50 n=1,2040 k =0,0860 0,9975 0,0002032 0,0138828
60 n=1,2606 k =0,1258 0,9957 0,0003829 0,0186968
70 n=1,1570 k =0,2359 0,9938 0,0005220 0,0213719
40 n=1,0255 k =0,0889 0,9985 0,0001119 0,0104305
Page diéu 50 n=1,1339 k =0,1403 0,9949 0,0002037 0,0139012
chinh 60 n=1,1493 k =0,1897 0,9961 0,0003827 0,0186925
70 n=1,1983 k =0,3087 0,9928 0,0005226 0,0213830
40 a=1,0043 k =0,0897 0,9983 0,0001273 0,0111256
Henderson 50 a=1,0567 k =0,1410 0,9906 0,0008640 0,0286494
va Pabis 60 a=1,0566 k =0,2083 0,9844 0,0015954 0,0382421
70 a=1,0301 k =0,3003 0,9902 0,0010570 0,0305386
40 a=1,0129 ¢=-0,0169 k=0,0855 0,9986 0,0001065 0,0101017
Logarit 50 a=1,1577 ¢=-0,1423 k=0,1038 0,9988 0,0001196 0,0105165
60 a=1,2720 ¢=-0,2653 k=0,1294 0,9989 0,0001252 0,0104656
70 a=1,1807 ¢=-0,1883 k=0,2079 0,9995 0,0000628 0,0071913
40 a=0,5022 b=0,5022 ko=0,0898 ki=0,0896 0,9983 0,0001349 0,0112880
Hai tham 50 a=0,5283 b=0,5283 ko=0,1410 ki1=0,1410 0,9906 0,0009627 0,0294345
sb 60 a=0,5283 b=0,5283 ko=0,2082 ki1=0,2082 0,9844 0,0019305 0,0401087
70 a=0,5150 b=0,5150 ko,=0,3003 ki1=0,3003 0,9902 0,0014072 0,0328038
Ham mii 40 a=0,0156 k =5,6012 0,9978 0,0001605 0,0112880
hai tham 50 a=1,0018 k =0,1407 0,9919 0,0001101 0,0102280
6 60 a=0,9985 k =0,1964 0,9798 0,0020658 0,0435160
70 a=0,9747 k =0,2914 0,9888 0,0012074 0,0326403
Henderson 40 a=1,15761 b=0,5676 k=0,0813 0,9966 0,0001070 0,0101309
va Pabis 50 a=-2.3398 b=1,3199 k=0,0547 0,9968 0,0001223 0,0105924
didu chinh 60 a=26734 b=0595 k=0,0950 0,9970 0,0001274 0,0106935
70 a=0,3325 b=1,0084 k=0,2854 0,9935 0,0012876 0,0325629
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Hinh 2. Twong thich giira dir ligu thuc nghiém va dir ligu dy dodn theo mé hinh logarit (trwong hep
cuaa ty Ie am ciia ca chua bi den sdy ¢ nhiét do 70°C)

3.3. P khuéch tan 4m hiéu qua va ning
lwgng hoat héa

Gia tri do khuéch tan 4m hiéu qua (De) cua ca
chua bi den ¢ nhiét d¢ 40 - 70°C dao dong trong
khoang 3,9028.10° - 1,7580.10° m?/s (Bang 3).
Gia tri Degr tang dan khi nhiét d6 tang. Két qua nay
thip hon so véi cac nghién ciru trude day khi say
chan khong ca tim (Des = 1,653 - 3,417.10° m%/s) &
30-50°C (Wu et al., 2007), ca rét (Desr = 1,474 -
2,740.10° m%/s) va bi d6 (Der = 2,08 - 4,03° m?/s) &
50 - 70°C (Arévalo-Pinedo and Murr, 2007), ging
(Dert = 1,859 - 4,777x10° m?/s) & 40 - 65°C
(Thorat et al., 2012) do ca chua c6 16p Vo sap hau
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nhu khéng thim nude, nudc khuéeh tan trong qua

trinh say chu yéu xuyén qua céc 16 cham.

Bang 3. Gia tri d9 khuéch tan 4m higu qua cia
trai ca chua bi den & cac nhiét d§ say

khac nhau
Nhiét do (°C) P khuéch tan Am hidu qua (m?/s)
40 3,9028.10°10
50 7,5553.10'10
60 1,2352.10°
70 1,7580.10°

Gia tri logarit ciia Der duoc bicu dién theo
nghich dao cua nhiét d¢ tuyét doi (Hinh 3). Két qua
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thé hién méi quan hé tuyén tinh do sy phy thuoc cua
dd khuéch tan am vao nhiét do theo md hinh
Arrhenius. Tur do, nang lugng hoat hoéa tinh duoc 1a
38,69 kJ/mol. Gia tri nay cao l}orn mot it so vOi nang
lugng hoat hoa dat dugc khi say chan khong gung &
-20.0
-20.2
22004 A

-20.6
=208

£ 210

-21.2
-21.4

-21.6

*
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nhiét d6 40 - 65°C (35,675 kJ/mol) (Thorat et al.,
2012) nhung thip hon so v&i gia tri dat duoc khi siy
chan khéng vo qua lyu & nhiét @6 25-60°C (47,65
kJ/mol) (Yilmaz et al., 2017).

y =-4.654x - 5,5891

R==0,9972

*

-21.8
0.0029

0.0030

0.0031

1T (VK)

Hinh 3. Mbi quan h¢ theo mé hinh Arrhenius giira d khuéch tan 4m hig¢u qua va nhiét d¢

4. KET LUAN

Trong s tam mé hinh toan hoc dwoc 4p dung,
md hinh logarit dugc chon dé mo ta dong hoc tién
trinh siy trai ca chua bi den ¢ diéu kién chan khong
véi d6 tuong thich cao hon so vai cac mo hinh con
lai & cac nhiét do say st dung (R? > 0,998, y2 <
0,0002 va RMSE < 0,02). Do khuéch tan 4m hiéu
qua thay doi tir 3,9028.10°2° ¢én 1,7580.10°°. Sy phu
thuoc nhiét do caa do khuéch tan 4m hiéu qua tuan
theo phuong trinh Arrhenius Vi nang lugng hoat
héa 38,69 kJ/mol. Séy chan khong ¢ nhiét do 70°C
d3 to ra c6 hiéu qua trong viéc sdy trai ca chua bi
den v6i thoi gian két thic tién trinh sém (8 gid) dé
d6 am san pham dat yéu cau (20%).
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