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Tom tit

Str dung céng nghé siéu toi han trong nghién ciru va san xuat dang duoc phat trién manh mé, Nhan
dic biét d6i voi luu chat carbon dioxide vi nhiéu vu diém vuot troi cua cong nghé va dung mdi Puoc duyét
nay. Mot sb cong nghé chiét tach truyén thong kho dat duoc hiéu sut chiét cao va kho ap dung Céng bd
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vao cac cong thie phdi ché trong cac loai thuc pham, dugc pham hoic ng dung truc tiép vao

san pham m§ pham cao cip do hoat chat bi phan huy, 1an tap cac san pham phu va cin doc hai. Tur khoa

Bai viét gioi thigu tong quan nhitng nghién ctru gan day va kha nang ang dung san xuat trong CO, siéu téi han, céng nghé
nu6c nham nang cao gia tri cac san pham truyén thdng dong thoi dap wng cac yéu cau da dang tach chiét, Bao ché duoc

cua thi truong hién nay.
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1. Gidi thiéu
Nhitng van d& duoc quan tdm nhat hién nay la an toan thuc
phém, dugc phém: tiét kiem nang lugng, han ché phé thai
hoé chit doc hai. Trong cac nganh cong nghiép hoa chét,
vat liéu polymer hoic céng nghiép thuc pham, duoc pham
st dung nhiéu loai dung méi hiru co dé thuc hién cac quéa
trinh phan tng hoa hoc hay ly trich thanh phan muc tiéu.
Cac qua trinh nay thai ra nhiéu hoa chat-phé thai doc hai,
tiéu ton tai nguyén nudc va dung moi. Mot sé qué trinh can
dién ra ¢ nhiét do cao do d6 tén nang luong va c6 thé gay
hu ciu tric hoic phan huy hoat chat (protein, vitamin,...).
Nhiéu giai phap dugc dua ra nham khac phuc nhiing han
ché trén. Mot trong nhitng cdng nghé ndi 1én nhu mot giai
phap Iy twéng cho van d& nay va hira hen nhiéu tiém ning
4 str dung Iuru chit CO; siéu téi han (SCOy).

Bang 1.Tinh chat vat li caa CO, & dang long, khi va siéu tGi han

Trang thai [Titrong [Kha ning khuéch [Dg nhét
(g/ml)  [tan (cm?/s) (g/cmis)
Khi 1x103 1x101 1x10*
Long 1.0 5x10% 1x107?
Siéutéihan [3x10!  |1x10°3 1x10*

CO;siéu toi han la trang thai 1ong cua khi CO tai diéu kién
nhiét do va 4p suit trén muc toi han (31,1 °C va73,8
atm)[1], tinh chat vét Ii cia CO, & trang thai nay lai giia
thé khi va long (Bang 1). CO, siéu t6i han co ti trong twong
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dbi cao, xap xi ti trong cua chat long, vira da dé cé thé dung
lam dung moéi, nhung van giit dugc kha ning khuéch tan
manh, sirc cing bé mat thip, do linh dong cao, d6 nhot
thip, kha ning hoa tan dé diéu chinh bang nhiét d6 va ap
suit (Hinh 1). Ngoai ra, viéc d& dang dat duoc diéu kién
siéu t6i han cua CO; ciing la li do dé CO; tro thanh chat
long siéu t6i han duoc sir dung phd bién nhét.
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Hinh 1. Gian dd pha 4p suit — nhiét d6 cia CO2.[2]
CO; & trang thai ndy mang dic tinh cua ca chat khi va chét
long, nén vira cd kha ning hoa tan dugc cac chat nhu pha
long, vira c6 kha nang khuéch tan cao cua pha khi. Bét ky
dung méi nio ciing c6 thé dat duoc trang thai siéu téi han
néu ton tai & nhiét do va ap suat trén gié tri tgi han. Tuy
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nhién, CO; c6 cac dac tinh nhu khéng doc, khéng bét Iua,
tro hoac kho phan ting trong hau hét cac diéu kién, gia ré,
¢6 ngudn cung ddi dao va co thé tai sir dung hoic tuan hoan
st dung nén duoc sir dung phd bién nhat. Riéng trong cong
nghé chiét xuat bang CO, siéu téi han, san phim c6 thé
dugc ly trich & nhiét do thap nén giam tiéu hao ning lugng,
tranh céc hoat chat kém bén nhiét bi phan huy, dam bao
chat luong san phim. Dung méi ding luu chat CO; siéu téi
han c6 nhiéu wu diém hon so v&i dung méi truyén thong

(methanol, ethanol, acetone,...). Do nhét cia CO, thap nén
cho phép dong chay qua véi toe do 1on, va do khuéch tan
cao nén ting dugc hiéu suat tach. Sau phan tng, dé thu hoi
san pham chi can giam &p suét thip hon ap suét toi han dé
CO, chuyén sang thé khi va bay ra ngoai, khong d¢ lai can
doc hai. Cac qua trinh phan @ng, chiét tach s dung SCO;
cling khic phuc duoc nhiéu han ché ¢ cac phuong phap
khac chua thuc hién duoc (Bang 2). .

Béng 2. So sanh wu nhugc diém cua phuong phép SCO2 véi cac phuong phép truyén théng st dung dung méi hitu co.[3]
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s6 da c6 quy trinh chuén.

2. Ung dung caa CO> siéu t6i han

2.1 Cong nghé ché bién thuc phim

CO; siéu téi han ¢ nhidu vu diém dwoc tng dung ngay
cang pho bién trong nhiéu qué trinh cong nghé khéac nhau,
trong d6 c6 cong nghé ép dun. Cong nghé ép dun su dung
CO; siéu t6i han dugc dung cha yéu & mot sé nudc trong
ché bién va san xuét nhya. Tuy nhién, véi nhidu wvu diém
cdng nghé nay duoc ding ngay cang nhiéu trong cong nghé
ché bién va san xuit thuyc pham. Uu diém quan trong cua
cong nghé la san Xuit & nhiét do thp, tao ra san phim c6
két cAu kép (bén trong xdp, bé mat lang), kiém soét dugc sd
lugng, kich thugc san pham, it anh huorng dén hoat chat
nhay cam véi nhiét do, diéu khién duoc pH mébi

truong,...Mot sb tng dung phé bién cua cong nghé SCO,
trong thuc pham nhu chiét hop chat tir hoa Houblon trong
san xuét bia, loai cafein ra khoi tra va ca phé. Véi cong
nghé nay thi ham luong cafein ¢ thé giam xudng chi con
dudi 1% trong san phiam. Nhiéu san pham tir ngii cdc, banh
mi, banh keo, ca phé, protein sira, khoai tay chién dugc ché
bién st dung cong nghé nay van gitr duoc dic tinh ciing
nhu chit lugng dinh dudng cua san pham [1, 4-6].

Céc nghién ciru cho thay nhiét do giam khi sir dung cong
nghé CO, téi han trong san xuat da lam ting dang ké pham
chat cua san pham bot ngd vé két cau[7], vé cam quan (d6
min, mau sac,...), han ché bi oxy hoa[8, 9].
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Dong thoi, quéa trinh san xuat thuc pham bang céng nghé
SCO; giir dugc nhiéu cac chat dinh dudng hon so véi cong
nghé truyén théng. Nghién ctu cua Singkhornart va cong
su chi ra rang cac tinh chat vat Ii cia chit ép tir lta mi duoc
cai thién dang ké vé mau sac, ham lugng dinh dudng, tong
duong khir ciia san pham[10]. Cung nam, Sharif va cong su
nghién ciu vé dac tinh ciia cong nghé ép dun chat long siéu
t6i han trong ché bién san pham rice-soy crisps c6 b sung
vi chat dinh dudng va protein d¢au nanh. Két qua ham luong
protein ddu nanh tang tir 25 — 40 g/100 g, taing d0 manh,
khéi lugng va do gion cua san pham. Ngoai ra, ham lugng
céc protein khac, chat xo, khoang chat va ham luwong
vitamin A va C cling tang so v6i khong sir dung SCO».[11].
Nghién ciru cia Paraman va cong su trén banh phong gao
ciing cho thiy SCO, ting cuong 6n dinh protein, chit xo, vi
chat dinh dudng. Qué trinh khuéch tan siéu téi han cho
phép giir lai ham luong cao cac chat khoang, vitamin nhu
55 — 58% vitamin A, 64 — 76% vitamin C, cac acid amin
thiét yéu nhu lysin c6 ham lugng dic biét cao 98,6%. Ddng
thoi, chat lugng san pham tir cdng nghé nay duoc dam bao
va khdng bi anh hudng bai cac qué trinh oxy hoa[12].

2.2 Cbdng nghé hoa - vt liéu

Luu chat siéu ti han CO, duoc diung trong phan tich, xtc
tac phan ung déng vai tro 1a dung moi, dung méi tao két tua
(antisolvent), dung mdi an (cosolvent), chat tan, méi trudng
phan @ng (reaction medium). Trong phan tich céu trac thi
thuong sir dung ki thuat sac ky long siéu téi han. Trong x(c
tac thi thuong dung xdc tac phan ng tong hop hydrogen
hod. Trong vat liéu thuong dung ki thuat nay dé diéu ché
cac hat c6 cau tric nano (nanoparticles) hoic tao 16p phu bé
mat[13].

Bouchaour va cong su nghién ciu vé vai tro cua CO; siéu
t6i han trong say khd mot vat liéu ban dan I silicon xdp. Ki
thuat CO; siéu tgi han dap ung muc tiéu tao ra vat liéu
silicon nhiéu 16 tt hon ding dung méi axit (hydrofluoric
acid) , vat liéu v6i bé mat phing, cAu tric x5p dong nhit, do
day, do xdp cao 1én dén 95%, cai thién thuoc tinh quang
hoc cua vat lieu. Vi vay, CO; siéu tai han la mét ki thuat
tiém ning trong lam kho vat liéu ban dan silicon than thién
VGi moi truong va dam bao an toan sirc khoe cho con nguoi
[14].

Mot nghién ctru tha vi khac vé img dung SCO, dé siy kho
trong san xuat polymer ngudn gdc thuc vat cho nganh dugc
pham. Iman Akbari va cong sy ding SCO, siy kho chat
nhdy hat hung qué dé tao thanh polymer ciu triic nano.
Nghién ctru chirng minh dwoc hinh thai va do déng déu cua
san pham c6 thé diéu khién dugc. Tinh bam dinh sinh hoc
tt va nhidu hoat chit co thé dugc tai vao vét liéu nano
nhim ting phong thich thudc tai chd[15].

Ngoai ra, véi mot phan dac tinh vat li cua chat long, CO,
siéu t6i han co6 kha nang dugc tan dung vao qua trinh giat
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kho, giam tiéu thu héa chat trong qua trinh giat nham bao
vé modi truong. Nhiéu nghién ciu da duoc tién hanh vé y
tuéng nay, trong d6 nghién ctu ctia Ying Lin va cong sy,
cho thiy CO; siéu t&i han c6 kha nang dat duoc muc do tay
rira 0,01 pg/cm?2 ddi véi chat ban ki nuéc. Hé thdng nay co
tiém nang duoc Gng dung cho cac du an vii try trong tuong
lai [16].

2.3 Cong nghé chiét tch - bao ché dugc

Théng thuong, cac dung mdi hiru co duoc sir dung nhiéu
trong qua trinh chiét tach hop chat thién nhién tir duoc liéu
dwa vao nguyén tic hoa tan khac nhau cia cac phan tir khac
nhau. Tuy nhién, trong qué trinh ndy c6 thé tao thanh cac
san pham phu (thuong la ester hoic ether voi methanol
hoic ethanol) hoac ton du dung méi. Dan dén qua trinh tinh
sach va xir Ii san pham phc tap, thoi gian san xuit kéo dai
va tiéu ton thém nang luong.

Jin-Zhe He va cong su tng dung SCO; trong chiét xuat
flavonoid tir vo buoai (Citrus grandis (L.) Osbeck). Véi diéu
kién chiét xuit da duoc téi wu, san lugng flavonoid thu
duoc 1a cao nhét dat 2,37%, dong thoi hoat tinh khang oxy
ho& bang phép thir DPPH (1,1-diphenyl-2-picrylhydrazyl)
va ABTS (2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid) cua flavonoid chiét bang SCO; cao hon so véi chiét
bang phuong phép truyén thong [17].

Nhiéu nghién ctru ciing cho thdy, SCO; thich hop st dung
trong chiét xuat dau va tinh dau chit lwong cao tir ngudn
thuc vat. Tinh dau 1a hdn hop nhiéu thanh phan khong tan
trong nuéc va thudng c6 mui thom dugc chiét xuat tir cac
bo phan khac nhau cua thyc vat nhu: 1, than, hoa, ré,...Tinh
dau duoc st dung rong rii trong cac linh vuc dugc pham,
tri liéu, cham soc sirc khoe, lam dep trén toan thé gidi.

Nam 2007, mét nghién ctru so sanh chiét tinh dau chdi dinh
huorng cua phuong phap SCOv6i ba phuorng phap chiét
truyén thng (chung cét, chung cit 16i cudn hoi nudc va
chiét Soxhlet). Két qua cho thay hiéu suét chiét bang SCO,
dat 19.6% s0 v6i phuong phap chung cit (11.5%) va chung
cat 16i cudng hoi nuéc (10.1%). Ngoai ra, thoi gian chiét
ciing ngan hon nhiéu, chi 2 gio so véi tir 4 - 10 gid cua cac
phuong phap thdng thuong [18].

Mot thi du dién hinh v& hiéu qua kinh té cua céng nghé
SCO; mang lai 1a nganh cong nghiép dau co cua Malaysia.
Theo bao cdo tinh hinh xuit nhap khau dau thé gioi,
Malaysia la qudc gia san xuat dau co l6n ding thir 2 thé
glo’l dong gop khoang 48 trigu tan chiém 30% tong san
pham tir m& va dau thé gii (dau dau chi chiém 23%). Viéc
sir dung cong nghé SCO, di mang lai hiéu qua dang ké vé
hiéu suat va kinh té trong nganh san xuat dau co, dau hat co
va cac thanh phan thi cdp nhu carotenes, tocopherols cua
nuée nay. Ngodi viéc nang cao hiéu sudt chiét, SCO, con
dong vai tro 1a mot may khir tring cho sgi dau co (palm
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fiber oil), 1a mot loai san phan phuy trong qué trinh chiét nay
[19].

Gan day (g dung SCO, trong chiét xuat duoc chat va tinh
dau tir dugc liéu thién nhién ¢ Viét Nam phét trién manh
mé&. Phan Tai Huan va cong su sir dung SCO, dé ly trich
tinh dau gac. Két qua cho thay tinh dau thu dwoc chira ham
luong Vi chat (vitamin E, p-caroten, lycopene) cao hon gip
nhiéu 1an so véi cong nghé truyén thong (ép gia nhiét hoic
sir dung dung méi hiru co), hiéu qua trich ly dau gac lén
dén 91,5 % [20]. Mot nghién ctu vé khao sat thanh phan
hoé hoc cua tinh dau tiéu chiét bing SCO2 ciing cho thay
vu diém cua phuong phap nay l1a thoi gian chiét ngin, thanh
pham twong tu Véi tinh dau ty nhién va cé thé thong qua
diéu khién ap suat chiét dé thu dwoc cau tir mong mudn
[21]. Nam 2014, Vién cong nghé hoé hoc dé ché tao thanh
cong thiét bi phuc vu san xuét tinh dau Tram tir cdy D6
dung tich 50 lit sir dung céng nghé SCO2. Cho thiy kha
nang &ng dung cdng nghé nay & Viét Nam la rat 16n [22].

2.4 Ung dung khac

Cong nghé sir dung luu chat CO, siéu téi han con duoc tng
dung trong céc linh vuc khac nhu trong cong nghé ma, khi
trang thiét bi y té, dung 1am chét ty rira, cong nghé nhuom,
dung moéi trong phan tng hat nhan, tach ion kim loali, tao
micelle va vi nhil trong chét siéu tsi han,...

Nghién cttu cia Nguyén Vian Cudng, Truong Dai hoc Su
pham Ki thuat Vinh ung dung céng nghé ma nickel trong
moéi trudng siéu téi han CO, ¢ Viét Nam. Céc két qua
nghién ciru ban dau cho thay 16p ma sang bong, nhin, d6
hat cua 16p ma nickel c6 thé dat dén nho hon 10 nm, do
cting ¢6 thé dat dén 800Hv. D6 hat va do ciing cua l6p ma
nickel nay chwa bao gior dat dwoc bang cac phuong phap ma
truyén thdng, cho du sir dung trong diéu kién thuc nghiém Ii
tudng va co sir dung cac chit phu gia. So véi I6p ma truyén
thdng, do cimg cua 16p ma nickel trong méi truong siéu téi
han CO; cao gip doi, ung suat bén, d6 chiu mai mon va
chiu an mon hoéa hoc cao hon. Ap dung céng nghé ma trong
moi trueong siéu téi han CO2 vao céng nghiép ¢ Viét Nam
s& gop phan tao diéu kién cho cac nha nghién ctru Viét Nam
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Applications of supercritical carbon dioxide in research and manufacturing industries

Doan Thi Ngan?, Le Tran Thao Nguyen?, Hoang Hong Hanh?, Bui Minh Quang?®, Nguyen Le Tuyen?, Le Van Minh?
Faculty of Food, Chemical & Environmental Sciences, 2Institute of High Tech, Nguyen Tat Thanh University.
3Research Center of Ginseng and Medicinal Materials, Ho Chi Minh City.

Abstract A wide range of technologies is available for the extraction of active components. Traditional extraction
technologies are difficult to achieve high extraction efficiency. In addition, the products of these extractions might be not
suitable for using in food, medicine or direct applications to luxury cosmetic products due to decomposed substance,
byproducts and residues of toxic. Therefore, many extraction technologies are developed. The choice of appropriate
technique depends on the economic feasibility and suitability of the process to the particular situation. Among of these,
supercritical technology, a modern technology, which has been widely used in the research and production, especially for the
fluid carbon dioxide (CO,). This solvent shows many important advantages, such as without solvent residure, nontoxicity
and green solution . In this article, we reviewed the recent studies and potential applications of supercritical fluid CO- in
research and industrial scale. This might be useful to improving the quality of products. . It is especially important in the
competitive market during the global integration.

Keywords supercritical CO,, extraction technology, pharmaceutics
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