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PHAN TiCH PONG HQC QUA TRINH TRICH LY DAU TU
HAT JATROPHA CO SU HO TRQ CUA CONG NGHE DIC

Nguyén Vin Cwong’'
ABSTRACT

Classic solvent extraction processes were defined and have recently been improved
through physical concepts such as supercritical CO; extraction (SCE), supercrtitical fluid
extraction (SFE), ultrasound-assisted extraction (UAE), microwave-assisted extraction
(MAE) processes, etc. All these processes usually need a pretreatment, a stage of
grinding, in order to reduce the size of treated particles. A new solvent extraction process
using grain expansion under the impact of DIC technology (Détente Instantanée
Controllée) has recently been applied to intensify the extraction kinetics and reduce
thermal degradation reactions. In this work, we carried out the first approach based on
the mathematical model and data validation of the solvent extraction kinetics of the
expanded jatropha granules using DIC technology. The results show that grinding
granules into fine particles and the swelling thanks to the application of DIC improve
significantly the solvent extraction kinetics. The specific mathematical model of solvent
extraction was established and used for validation. The results also indicate that there
exist a higher exchange in surface and a greater internal diffusion of the experimental
DIC group compared to the control group.

Keywords: Instant controlled pressure drop - DIC, expanded granule powder, oil,
extraction kinetics, extraction kinetic mathematical modeling

Title: Analysis of kinetics of solvent extraction process for expanded jatropha granules
by impact of DIC technology

TOM TAT

Qud trinh trich chiét ¢é dién bang dung méi da cé tir lau va gan day dwoc cdi thién thong
qua cac phuong phap hé tro vt 1y nhue trich ly bcfng dong CO, (CO; SFE), trich ly c6 su
tro gitip bang vi song, trich ly c6 su tro giip bang siéu am,.... Thong thuong, tdt ca cdc
qud trinh trich ly ndy can cé mot giai doan tién xir Iy hat, nhw nghién hat, @é lam giam
kich thwdc ciia hat, tang hiéu sudt qud trinh trich ly. Gan ddy, mét phiong phdp trich ly
méi bang dung méi dwge dp dung véi hat gidn ndé (mé rong) duwdi s tac dong ciia cong
nghé giam dp sudt dot ngot DIC (Détente Instantanée Contréllée), nham muc dich tang
cuong dong hoc cua qua trinh trich ly va giam cac phdn g suy thodi do nhiét. Trong
nghién ciku ndy, ching téi da thie hién phirong phép nghién ciru va tiép cin ban dau viée
mé hinh héa todn hoc qua trinh dong hoc cia trich ly bang dung méi doi véi hat jatropha
duwoc gian no (mo rong) bang sw tac dong cua cong nghé DIC. Két qua cho thdy tam
quan trong cia qud trinh nghién hat, va sw phong cia hat do dnh huwdng ciia cong nghé
DIC doi véi qua trinh tang cuong dong hoc qua trinh trich ly. Mot mé hinh todn hoc cua
dong hoc qud trinh trich ly dwoc xdc dinh. Két qua cing thé hién qud trinh trao doi chat
16t hon ¢ be mdt ciia nguyén liéu va qud trinh khuéch tan bén trong hat manh hon doi véi
nhitng mau hat jatrohpa dirge xir 1y boi cong nghé DIC so véi hat khéng dwoc xi 1y,

Tir khéa: DIC, hat gidn né, dau, trich ly, dpng hoc qud trinh trich ly, mé hinh héa todn
hoc qua trinh trich ly
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1 GIOI THIEU

Qua trinh trich ly (tach chiét) bang dung moi dé dugc nghién ctru va ing dung tur
lau, gan day qué trinh trich ly nay duoc cai tién bang cach ‘ap dung cac phuong
phap vat ly dé hd trg nhu: qua trinh trich ly bang dong luu chat CO, (SCE), trich ly
bang dong luu chat & diém t6i han (SFE), qua trinh trich ly tro gitp bang siéu 4m
(MAE), trlch ly véi su trg giup cua vi song (MAE), etc. Tat ca cac qua trinh nay
thuong can c6 mot qué trinh nghién hat nhu mot giai doan tién xir 1y, nham dé lam
giam kich thudéc cia hat va tang hiéu sudt trich ly. Viéc stt dung mo hinh toan hoc
dé nghién ctru qué trinh trich ly dau tir qua hanh bang phwong phap SCE duoc
nghién ctru v6i hiéu sudt truyén khdi bén trong hat 1a 7.5%10”° m*/s (Marron C. et
al., 1998). Két qua trich ly dau tir hat huéng duong bang phuong phiap SCE cho
hiéu sudt khuéch tan 1a 3*10™"" m%s (Lucas Fiori, 2009). Hiéu sut khuéch tan
trong qua trinh trich ly ca phé 1a 3.2*10™"° m%/s (Espinoza-Pérez et al., 2007).

Nhitng nim gan day, mot phuong phép trich ly méi bang dung méi lién quan dén
viéc qua trinh gidn no hat boi tac dong clia cong nghé giam ap suat dot ngdt (DIC)
da dugc ung dung & phong thi nghiém Ky thuat qua trinh cong néng nghiép
(LMTAI) — trudng Pai hoc La Rochelle (Phap), dd cho nhiing két qua kha quan
trong linh vuc trich ly dau va tinh dau tir cac loai hat khac nhau (Ben-Amor
B.,2008; Besombes C.,2008; Cuong NV. et al.,2009). Viéc ing dung cong ngh¢
DIC nhim muc dich pha v& cac lién két té bao cua hat, tao ra cac 16 rdng bén
trong, nhd do tang cudng qua trinh dong hoc trich ly va gidm céc phan tng suy
thoai boi nhiét.
Béo céo nay trinh bay mot phuong phap nghién ciru va tiép can ban dau vé mo
hinh toan hoc dong hoc qué trinh trich ly bang dung méi ddi véi hat jatropha gian
né boi tac dong cua cong nghé DIC, bao gdbm qua trinh trao dbi chit & bé mat hat
va qua trinh khuéch tan cia chét tan (dau) vao dung méi bén trong hat.

2 VAT LIEU - PHUONG PHAP

2.1 Vit liéu thi nghiém

Vit liéu dung cho cac thi nghiém trich ly la hat jatropha duoc mua tir cac tinh phia
vung Dong Nam b, c6 d¢ am ban dau trude khi trich ly 1a 6% (co so uot), ty 1&
dau tir 25 + 35% (theo tong khéi lugng).

2.2 Phuwong phap

2.2.1 Xir Iy hat bang céng nghé giam dp dot ngét (DIC)

Hat jatropha trude khi trich ly duge xur ly bang cong nghé DIC & cac ché do nhiét
do, ap suat nhiét qVél t’h(‘yi gian xur Iy khac nhau. Tac d(f)r}g cﬁa (:‘Gng nghé¢ DIC nham
muc dich thay doi cau trac bén trong cia hat, tao ra 16 xop bang viéc lam gian no
hat, pha v& mang vach t€ bao, taing cuong dong hoc qua trinh trich ly.

2.2.2 Trichly

Qua trinh trich ly duqc’thl_rc hién vdi dung moi 1a hexane, ¢ nhiét do (69 + 1)°C,
hat dugc nghién nhoé dén kich thude duong kinh hat dem vao trich ly 1a 0.4 mm.
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Puong cong dong hoc cua gué trinh trich ly dqqc thuq hién béng cach thu miu &
ting thoi diém khac nhau dé xac dinh lugng chat tan (dau) thu dugc.

2.2.3 Mo hinh toan hoc

Viéc xay dung mo6 hinh toan hoc dong hoc ctia qué trinh trich ly dya vao viéc phan
tich co ché qua trinh trich ly. Ung dung phuong phép toan hoc va cac phuong trinh
khuéch tan cta Fick va giai phap ctia Crank.

3 KET QUA THAO LUAN
3.1 Co ché qua trinh trich ly

Qua trinh trich ly bang dung méi dugc biét dén nhu 13 mot qua trinh bao gém 4 co
ché vt ly cta cac qua trinh sau day:

v Su tuong tic cua dung mdi vGi qua trinh trao ddi chét trén bé mat vat liéu
trich ly.

v Qua trinh truyén dung méi bén trong san phim dugc thuc hién & thé long
boi nhitng qua trinh khac nhau nhu: sy mao dan, khuéch tan phan tir va
gradient ciia nong d¢ dung moi la dong luc cho qua trinh nay.

v Qua trinh truyén chét tan (diu) vao dung méi xdy ra & bén trong san pham,
n6 dugc thyc hién bang qua trinh khuéch tan bén trong vét li¢u. Gradient
ctia nong do chat tan la dong luc ctia qua trinh nay.

v" Qua trinh van chuyén chét tan tir bé mat vat liéu ra ngoai mdi truong dung
moi, qud trinh ndy dugc thuc hién bang qua trinh khuéch tan doi luu.

Su Iya chon dung méi va nhiét do trich ly thich hop c6 thé cho phép gia dinh rang
su twong tac gitra dung moi va san pham lam cac chit tan (dau) tan trong dung
dich ngay 1ap tirc. Qua trinh khudy tron moi trudng dung mdi bén ngoai cho phép
mot phan chit tan my & bé mit trao d6i duoc trich ly ra d& dang va nhanh chéng,
va dugc chuyén tir bé mat vat liéu trich ly (hat) vao mdi truong dung moéi boi sy
d6i Iwu. Mot phan ctia chit tan (¢ bén trong vt liéu) duge chuyén vao dung moi
bang qua trinh khuéch tan xay ra ngay bén trong vat liéu (hat) va dung méi duoc
xem 14 (mg - my). M6t phan chit tan con lai m, trong hat c6 thé khong d& dang
chiét tach (trich ly), boi vi né nam & bén trong céc té bao ma thanh vach cua té bao
nay lam cén tré sy khuéch tan cua no.

Do tan (g chat tan/g theo co s¢ khd) ¢6 thé tinh nhur sau:

o X, — luong chét tan tuong ung voi my ban dau ndm & bé mat vat liéu, duogc
tach ra nhanh chong bang sy doi lvu nho qua trinh khuay dong dung moi.

e (Xs— X,) - twong ung vai lugng chit tan ban dau (mg — m,) khi dugc gia
dinh rang duoc phan bd dong déu v6i mat do dong nhét trong thé tich vat
lidu (dung méi). Lugng chit tan nay ting dan theo thoi gian trich ly véi cac
qué trinh khuéch tan khac nhau. Tai thoi diém t, dugc xac dinh bang X.

e X, - lalugng chat tan m, trong hat kho dé trich ly.

Dé ting cuong cac hoat dong cua qué trinh trich ly bang dung méi, c6 thé sir dung:
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1.

Mot qué trinh nghién, thuong cho phép tang qua trinh trao dbi trén bé mat
cling nhu viéc hoa tan chat tan trén bé mat dé thyc hién hon. Hat thudng
duogc xem c6 dang hinh cau va ran.

Mot qué trinh thay ddi cau trac bén trong ciia hat dé 1am hat gidn no ra, c6
céu triic xp hon. That vay, ciu triic tw nhién cta rau qua va dic biét mang
té bao chat va vach té bao s& can trd qua trinh truyén khéi chét long, hay
quéa trinh khuéch tan. Sy can tré khuéch tan boi cu trac bén trong hat
thudng dugc xem 1a yéu t6 chu yéu han ché dong hoc ciia qua trinh trich ly.

. Mot bién phap nao d6 nhdm gia ting do xbp cua vat lidu (hat) dé cai thién

qua trinh truyén chit tan vao trong dung méi (khuéch tan chat tan vao dung
mdi) & bén trong vat li¢u.

Mot qua trinh khudy tron cho phép ting qua trinh truyén chit tan tir cac bé
mat vat li€u vao moi trudong dung moi bén ngoai bang qua trinh doi luu.

3.2 X4y dung mé hinh toan hoc qua trinh trich ly

Sau khi giai doan tach chat tan (dﬁu) trén bé mat vat liéu nhanh chong dugc thyuc
hién boi qua trinh ddi luu, chung ta ¢6 thé gia dinh rang su truyén khoi bén trong
san phﬁm phéi dugc thyce hién vai hi€u qua cao nhét. Trong diéu kién do, nguoi ta
c6 thé nghién ctru dong hoc trich ly bang cach kiém soat viéc truyén khdi bén
trong cac hat nho da duoc gidn nd bang tic dong cua cong nghé DIC. Qua trinh
nay dugc xac dinh boi nghién ctru cia ALLAF K. vé khuéch tan, ciing tuong tu
nhu phuong trinh Fick (Allaf K., 1982):

Z - fa) = — Doy V(D) (1)

nm

Trong do:

X:  biéu dién luong chét tan c6 trong vt liéu (kg m™),

Pm: 12 khéi lugng riéng cua vat liéu hoan toan khé (kg m™),

£ van toc tuyét ddi cua dong chat tan trong moi truong chit long (m s™).
#,: van tbc tuyét dbi ctia moi truong chét rin (ms™).

D hé sd (hiéu qua) khuéch tan (effective diffusion) ctia dung moi trong
mdi truong ran (m”s™).

Néu bo qua qua trinh co rat (hodc phdng ra) cua vat liéu, gia dinh rang p,, = hing

s6 va ®,, = @, phuong trinh trén c6 thé viét thanh:

X% = —Dp.¥X )

Dung phuong phap can bang khdi lwong, ¢ thé thu dugc:

Z = V.(Des¥x) 3)

Vi t la thoi gian trich ly.
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Mic du hé s6 khuéeh tan Do c6 bién d6i dang ké theo nhiét o va do xép, nhung
n6 co thé duoc xem 1a hang s6 khi gia thuyét rang qua trinh trich ly c6 sy dong
nhat vé& nhiét d6 va cau tric vat liéu. Bang cach danh gia cac qua trinh vat 1y va
thuc hién cac thi nghiém phu hop, ching ta c6 thé khing dinh gia thuyét nay cho
phép biéu dién phuong trinh (3) theo dinh luat hai cua Fick:

= = DX )
Dbi véi mot phuong ban kinh r bat ky nao do, phuong trinh (4) trd thanh:

ax d%x

= Daig s ®)

Céc 10i giai ciia phuong trinh khuéch tan nay phu thudc vao cac diéu kién ban dau
va diéu kién bién. Trong d6, giai phap cia Crank (Crank J., 1975) dya theo hinh
dang hinh hoc cua céc hat hinh cau c6 thé dugc chap nhén.

X=Ex -
ot VL (6)
Trong do:

e A;vaqlacaché s6 Crank duoc xac dinh tiy thudc vao hinh dang hinh hoc
cua vat liéu trich ly.

o 1=D*t/dp?la sb Fick.
e dp la dudng kinh ctia hat hinh cau (m).

e X, X, va X, 1a luong chét tan (dau) trong khdi hat rén (theo co so kho) 1an
luot & céc thoi diém t, t — oo (chat tan khong lay ra dugc) va ¢ thoi diém
bat dau qua trinh khuéch tan.

Néu sir dung luong chét tan (dau) duoc trich ly, phwong trinh (6) c¢6 thé viét:

—_ = "I'

,,,W_YR LT aye™l (7
Trong d6: Y, Y, va Yu lan luot 1a luong chét tan trich ra dugc & thoi diém t, t — o
(san lugng toan bd), vat=0.

Bang viéc sir dung cac s6 lidu thi nghiém ctia mo hinh khuéch tan, trir gia tri gan
thoi diém bt dau qua trinh (t = 0). Y, duoc tinh bang phép ndi suy (6 t = 0) tir md
hinh khuéch tan nay. Gia tri Y, sé tuong tng véi luong chat tan c6 trén bé mat cua
vat lidu va duoc trich ly (lay ra) trong thoi gian rat ngan Bang viéc thay ddi ciu
tric cta hat, ting 18 rong (d6 xdp), pha v& mang vach té bao,... nhiing gia trj Y., va
Y4 (starting accessibility) ciing nhu hé sé khuéch tan Dy dugc xem 1a nhirng
thong s6 phan hdi chinh cua qua trinh tac dong dén céu truc hat boi cong nghé
DIC.

Khai trién phuong trinh (7), thu dugc phuwong trinh duéi day:

& Tlgnefrt & 'rl nEfft P b ngrt
==e ¥ +Se +oze e ®)

in in

Yo=¥
=g

49



Tap chi Khoa hoc 2012:21a 45-51 Truong Dai hoc Can Tho

Vi r 1a ban kinh cua hat trich ly (m).

C6 thé giéi han vé phai & dai lugng dau tién va bo qua cac dai lugng ké tiép,
phuong trinh (8) trd thanh:

Yoo . M
Yoo—¥a =As )
25

=20 A Samples of

. £ DICL-11

S5 R2=0.90 - 0.99

P:_' 1.0 A Clontrol sample

£ ¢ RI=0.91

Z

Z 05

-

O..O i T T T T T 1
20 40 60 80 100 120 140

Time (min)
Hinh 1: Biéu dién logarit ciia qua trinh trich ly diu tir jatropha bing dung mdi hexane.
Lay biéu dién dang logarit, phuong trinh (9) s& chuyén thanh duong thing voi do
doc k (nhu hinh 1), tir 46 cac thong so6 D.gs dugce xac dinh:

*k
D= (10)

Bing 1: Két qua thi nghiém trich ly diu bing dung méi hexane tir hat jatropha xit Iy béi
cong nghé DIC va khong xir ly (control) sau 2 gio trich ly

e Sén lwgng diu Hé s6 khuéch tan Luogng diu ban dau

i Giai phap ¥ Degr Y,

Mau Cli;lznk Yo F::m 10_Beff2 B Dg?:mml Y/A Y.
(g/g) %) (10 m’s™) %) (g/g) %)
DIC 1 0.915 0.515 112 5.44 225 0.470 91.30
DIC 2 0.908 0.506 110 5.62 232 0.459 90.78
DIC 3 0.919 0.504 110 5.52 228 0.459 91.12
DIC 4 0.903 0.506 110 5.32 220 0.465 92.04
DIC 5 0.908 0.511 111 5.13 212 0.473 92.58
DIC 6 0.900 0.505 110 5.36 221 0.462 91.51
DIC 7 0.939 0.501 109 5.29 218 0.459 91.60
DIC 8 0.901 0.493 107 5.90 244 0.444 90.08
DIC9 0.986 0.495 108 5.21 215 0.448 90.50
DIC 10 0.935 0.491 107 5.36 221 0.448 91.29
DIC 11 0.952 0.492 107 5.50 227 0.444 90.28
Control 0.905 0.459 100 2.42 100 0.349 75.91

S6 lidu thiﬂ nghiém dung cho mo6 hinh toan hoc qua trinh khuécl} tan trén can bo
qua cac diém thi nghiém gén thoi gian ban dau t = 0. Chinh vi thé, phép ngoai suy
cua mo hinh todn thu dugc cho phép xéac dinh dugc Y, khong bang 0. Nghia 1a Y o
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biéu dién cho luong chét tan thu duge nhanh chong tir bé mat vat liéu (hat) khi tiép
xuc véi dung moi, doc 1ap voi qua trinh khuéch tan bén trong vat li¢u.

4 KET LUAN

Nghién ctru ndy dd chirng minh dwgc tim quan trong cia qua trinh nghién thanh
hat nho min, sy gidn nd cua cac hat nham dé tang cuong dong hoc qua trinh trich
ly bang dung méi. Mot mé hinh toan hoc cu thé cua viée trich ly bang dung moi
duogc xac dinh, va c6 thé sir dung thich hop cho viéc tinh todn qua trinh trich ly tr
hat bi gian n¢ do tic dong cua phuong phap tac dong giam éap suét tirc thoi (DIO).
Thong thudng, cac didu kién 'ngoai vi co thé cho phép su ddi luu cua dung moi, de
dam bao qua trinh trich chiét nhanh chong ¢ thoi diém ban dau trén bé mat vat
liu. Ngay sau do, gia dinh riang qua trinh trich ly dwoc kiém soét chi bang qua
trinh khuéch tan va truyén khoi bén trong vat ligu.

Mo hinh toan hoc nay co thé dung dé xac dinh cac tac dong 1én cAu tric hat cta
cong nghé DIC trong nghién ctru dong hoc cua qué trinh trich ly, thong qua yéu t6
san lwong chét tan (dau) thu duoc Yo, lugng chét tan thu duoc 0 thoi diém bat dau
Ya (b1 su ddi luu dung méi trén bé mat vat liéu), va hiéu suat khuéch tan D
Céc gia tri cua Yo, Ya, va Deg dugc xem xét nhu cac Kkét qua danh gia chu yeu dac
trung cho phuong phap xir Iy DIC vé mat kha ning tmg dung cong nghé nay lién
quan dén k¥ thuét trich ly bing dung méi.
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