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SAN XUAT DIESEL SINH HOC TU VI TAO CHLORELLA SP.
BANG PHUONG PHAP CHUYEN VI ESTER TAI CHO

Khiing hoang nang lugng duoc coi la van dé
mang tinh toan ciu. Su can kiét nguon nhién liéu
hoa thach va céc van dé moi truong lién quan dén
khi thai nha kinh trong viéc st dung dau moé da
dat ra yéu cdu phai tim nguon nang lugng thay
thé. Diesel sinh hoc dugc xem la nguén nang
lugng thay thé€ 1y tudng do ching ¢6 kha nang tai
sinh, phan hiy sinh hoc, khong doc va than thién
v6i moi truong [12]. Tuy nhién, su thi€u hut cic
nguon nguyén liéu chira dau da gay khoé khan cho
viéc mé rong quy mo san xuat diesel sinh hoc
[4]. Gan day, vi tdo dang thu hit nhiéu su quan
tam bdi nhitng uu thé vuot troi cua ching so véi
cac nguon nguyén liéu chita dau khdc. Vi tdo cé
toc do sinh trudng cao [16], ham luong lipit c6
thé dugc diéu chinh thong qua viéc thay déi diéu
kién nuoi cdy [14], st dung CO, trong khi quyén
lam nguoén cacbon cho sinh truéng [17], c6 thé
nuoi thu sinh khéi tdo quanh nam [5], ¢6 thé san
xudt mot lugng dau cao gap 15-300 lan so véi cac
loai cay luong thuc trén cung moét don vi dién
tich [3], khong canh tranh v4i quy dat nong
nghiép do ching c6 thé dugc nuoi trong bing
nudc 19, nude bién hodc nudc thai trén céc ving
dat kho cén [18]. Vi vay, vi tdo dugc danh gid 1a
nguon nguyén liéu tiém nang nhat dé san xudt
diesel sinh hoc th€ h¢ méi - thé hé nhién liéu sinh
hoc thit ba [9].

Phuong phdp truyén thong dé san xuat diesel
sinh hoc tir vi tao bao gom cac budc: tach chiét
lipit tir sinh khoi; loai bo dung moi du thira va
chuyén hoéa diesel sinh hoc tir dau tao [13]. Mot
phuong phép khdc dé san xuat diesel sinh hoc 1a
chuyén vi ester tai chd. Trong qud trinh chuyén
vi ester tai chd, su tdch chiét lipit tir sinh khoi
tdo va su chuyén héa ching thanh diesel sinh
hoc xay ra dong thoi. Vi vay, phuong phdp nay
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¢6 uu viét 1a da don gian héa duogc quy trinh san
xudt, ti€t kiém thoi gian va dan dén lam giam
gid thanh clia sdn pham diesel cu6i cung [7].

Gan day Nguyén Thi Minh Thanh va nnk.
(2010) [20] da cong bo vé sang loc céc loai vi
téo bién quang tu dudng dugc phan lap tir ving
bién ctia Viét Nam lam ngudn nguyén liéu cho
san xudt diesel sinh hoc, trong nghién ctru nay,
ching t6i da st dung phuong phap chuyén vi
ester tai chd dé san xuat diesel sinh hoc tir sinh
khéi vi téo bién Chlorella sp.

I. PHUONG PHAP NGHIEN CUU

1. Chung tao, diéu Kkién nuoi cay va
thu hoach

Vi tdo bién Chlorella sp. dugc phong Cong
nghé Tao (Vién Cong nghé sinh hoc) phan lap
tai Nha Trang, Khanh Hoa nam 2008-2009. Moéi
trudng nuoi cay loai vi tdo bién ndy dugc pha tur
nudc bién nhan tao c6 bé sung Keybloom véi
nong do 200 pl/l (Keybloom dugc san xuat tai
Cong ty C6 phan chan nuoi C. P. Viét Nam c¢6
ham Iuong nitrogen > 18,4%, Photpho > 2,1%
va chat mang dang 16ng vira da 1 lit). Nu6c bién
nhan tao dugc pha tur nuéc 6t 30%0 va nudc
mudi 30%o véi ty 1& 1:1. Trong d6 nudc 6t duoc
lay tr ving lam mudi tai Hai Hau, Nam Dinh,
nuéc mudi 30%o duoc pha bing nudc cit va
mudi bién duoc mua tir Hai Hau, Nam Dinh.

Chlorella sp. dugc nuoi cdy trong cic binh
hé 1,5 lit dén 10 lit, chiéu sang véi cuong do
100 pmol/m’s, chu ki séng t6i 12/12 gid, suc khi
lién tuc & 28 - 30°C. Sinh khoi vi tao dugc thu
hoach bang cich st dung chat két tha phén
nhom Al,(SO,);.18H,0 & nong do 0,04%. Sinh



khoi thu duoc duogc rira 3 1an véi nudc cat, sau
dé say kho & 80°C.

2. Tach chiét lipit

Téach chiét lipit tr sinh khéi tdo dugc tién
hanh theo phuong phap Bligh va Dyer (1959)
[1] v6i mot s6 céi tién dé phu hop véi diéu kién
phong thi nghiém cta Viét Nam. Lipit tdng s6
duoc tach chiét tir bot tao kho v6i 10 ml hon hop
dung moi chloroform: methanol (2:1). Ba sinh
khoi dugc chiét ti€p véi chloroform 2 - 3 lan dé
thu t6i da lipit chira trong sinh khoi tao. Dich
chiét dugc tron déu véi nhau, loc qua gidy loc
Whatman s6 1 va chuyén sang phéu chiét. B6
sung thém 15 ml dung dich NaCl 0,9%, tron déu
va dé yén & nhiét do phong qua dém. Lép dung
moi hitu co phia dudi chita cac thanh phan lipit
duogc thu nhan, sau d6 dung moi dugc loai bo
hoan toan trong bé on nhiét & 60°C va 1am kho
trong desiccator. Tiép tuc hoa tan sian phdm thu
duoc trong n-hexan, loc qua gidy loc dé loai bo
can va lam bay hoi hexan dé thu hai lipit.

3. Chuyén hoa diesel sinh hoc tir sinh khoi
tdo bang phan ng chuyén vi ester sir
dung chat xic tac axit [6]

Hoén hop phan tng géom 15 gam bot sinh
khoi tao kho, 60 ml metanol va 2,2 ml axit
sulphuric dam dac. Hon hop phan tng dugc dao
tron, dun néng va duy tri & nhiét do 60°C trong
4 gio trén may khudy tir gia nhiét. Sau thoi gian
phan tng, binh phén ting dugc dé nguoi & nhiét
do phong trong khoang 1 gid, loc hén hop phan
{ing, rira can bang methanol dé thu hoéi t6i da san
phdm clia phan ting chia trong phan can. 50 ml
nudc cit dugec bé sung vao dich loc dé tich
riéng cac thanh phan wa nude trong dich loc, sau
dé bé sung thém 30 ml hexan, lic déu hén hop
va chuyén toan bo hén hop sang phéu chiét. Lép
ky nudc phia trén chita cac metyl ester cla axit
béo (FAME) duoc thu héi va duoc rira véi nuGe
dé loai bd metanol, chat xiic tic axit, sau d6 loai
nuGc bdng natri sulphate khan. Lam bay hoi
hexan trong mady c6 quay chan khong dé thu
duoc san pham FAME cu6i cling.

4. Phan tich thanh phan va ham luong cac
axit béo

Thanh phan va ham lugng cua cac axit béo
dugc phan tich bang may sac ki khi (GC) HP-
6890 HP-6890 ghép ndi v6i Mass Selective

Detector Agilent 5973; cot HP-5MS (0,25 (m (
30 m ( 0,25 mm); khi mang He; chuong trinh
nhiét do: 80 (1 phut) - 40/phuit - 150 (1 phut) -
10/phiit - 260 (10 phit). Thu vién phé khoi:
WILEY275.L va NIST 98.L cta Vién Hod hoc
cac hop chat tu nhién, theo mo ta trong cong bo
cta Dang Diém Héng va nnk. 2007 [10].

5. Xac dinh cac dac tinh cua diesel sinh hoc

Cac dac tinh cua diesel sinh hoc nhu trong
lugng riéng & 15°C, diém chdép chdy c¢6 kin, chi
s0 iot, d0 nhét dong hoc, tri s6 xétan dugc xac
dinh thong qua cac phuong trinh 1y thuyét do tac
gia Hoekman va nnk. (2011) xay dung [8].

II. KET QUA VA THAO LUAN

1. Ham luong lipit va thanh phan axit béo
cua Chlorella sp.

Ham luong lipit tong s6 va thanh phan axit
béo 1a mot trong nhitng chi tiéu quan trong nhat
doi véi cac nguyeén lieu duoc st dung dé san
xudt diesel sinh hoc. Ham luong lipit tdng so
trong sinh khéi tao Chlorella sp. dugc xac dinh
1a 6,1% trong lugng kho. Tuy nhién, ham lugng
lipit tdng s6 nay khong chi phu thudc vao loai vi
tdo ma con phu thudc rat nhiéu vao cic diéu
kién sinh truong [6]. Do d6, viéc nang cao ham
lugng lipit trong sinh khéi tdo bang cach thay
déi cac diéu kién nuoi cdy nhu dinh dudng,
cudng do dnh séng [15] 1a diéu can thiét dé nang
cao tiém nang ung dung lam nguyén liéu san
xudt diesel sinh hoc ctia loai vi tdo bién ndy.

Thanh phan axit béo trong sinh khoi tao
dugc thu hoach bing cédch sir dung chat két tha
phén nhom Al,(SO,);.18H,0 & nong do 0,04%
(két qua chi ti€t khong chi ra & day) nham giam
chi phi dién nang tiéu thu trong viéc ly tam thu
héi sinh khoéi tdo dugc xdc dinh bing phuong
phap sic ky khi (GC). Két qua dugc chi ra &
bang 1.

Nhu vay, cac axit béo chinh trong sinh khoi
tao Chlorella sp. la axit palmitic (C16:0), axit

palmitoleic  (C16:1(n-7)), axit palmitoleic
(C16:1(n-9)), axit margric (C17:0), axit
octadecatetraenoic (C18:4(n-3) va axit

nonadecanoic (C19:0). Ty 1é cta céac axit béo bao
hoa (no) va khong bao hoa (khong no) la 1,823.

Mot phuong phdp kha thi dé tang hiéu qua
kinh t&€ cua qua trinh san xuat diesel sinh hoc tir
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vi tdo 12 tao ra cdc san pham phu c6 gid tri kinh
t€ cao khac ngoai diesel sinh hoc [11]. D6i véi
loai Chlorella sp., bén canh tng dung lam
nguyén liéu dé san xuat diesel sinh hoc thi mot

s0 cac san pham sinh hoc ¢6 gid tri cao ciing c6
thé dugc tdch chiét tir lodi vi tdo nay nhu cdc
axit béo khong bao hoa da noi doi (DHA, DPA)
hoac cédc vitamin (axit ascobic)....

Bdng 1
Thanh phan va ham lugng cac axit béo trong sinh khéi tao Chlorella sp.
Axit béo Tén khoa hoc Ten thuong | L2 luong (so voi
% tong so axit béo)

C4:0 Axit Butanoic - 0,251

C10:0 Axit Decanoic Capric 0,134

C12:0 Axit Dodecanoic Lauric 0,072

C14:0 Axit Tetradecanoic Myristic 0,798

C16:0 Axit Hexadecanoic Palmitic 39,568
C16:1(n-7) Axit 9 - Hexadecanoic Palmitoleic 3,737
C16:1(n-9) Axit 11- Hexadecanoic Palmitoleic 9,238

C17:0 Axit Heptadecanoic Margric 4,054

C18:0 Axit Octadecanoic Stearic 1,485

C18: 1n-7 Axit 7- Octadecenoic Oleic 5,305

C18:4 (n-3) Axit 9,12,15,17 - Octadecatetraenoic | - 11,585
C18:5 (n-3) - - 0,13

C19:0 - - 17,827
C20:2 - - 0,186
C21:1n-9 - - 4,461

C22:0 Axit Docosanoic Behenic 0,344

C22: 4n-6 Axit 11,13,16,19 - Docosatetraenoic - 0,463
C22:5n-6 Axit 7,9,13,16,19 - Docosapentaenoic | DPA 0,166
C22:6n-3 Axit Docosahexaenoic DHA 0,323

Téng s6 axit béo no 64,533

Téng s6 cac axit béo khong no 35,408

Lipit tong s6 (% so véi trong lugng kho) 6,1

2. San xuat diesel sinh hoc tu vi tao
Chlorella sp.

Chiing to6i da tién hanh chuyén héa diesel
sinh hoc tir vi tao Chlorella sp. theo phuong
phdp chuyén vi ester tai chd st dung chat xdc
tdc axit. So v6i phuong phap chuyén hoa hai giai
doan goém nhiéu budc phic tap hon (tach chiét
lipit tir sinh khoi vi tdo, loai bo dung moi va
chuyén héa biodiesel tir diu tdo), phuong phép
chuyén vi ester tai chd mot giai doan di don
gian hdéa dugc quy trinh san xuét va tiét kiém
thoi gian. Dong thoi, viéc st dung chat xic tac
la axit sulphuric cling la mot lya chon rat phu
hop do6i v6i cac loai nguyén liéu c6 ham luong
axit béo tu do cao nhu & vi tao [6].

Hiéu suét cha qua trinh chuyén héa diesel
sinh hoc tir vi tao Chlorella sp. dat duogc 1a 90%
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(tinh theo trong lugng ddu) va san phim ma
chiing t6i thu dugc c6 mau xanh dam do con lan
nhiéu séc t6 va cdc tap chat khdc. Vi vay, cin
tién hanh cdc budc tinh sach tiép theo dé thu
duogc san phiam diesel sinh hoc c6 chat lugng tot.

3. Tinh chat héa hoc cia san pham diesel
sinh hoc

Thanh phan axit béo ctia sain pham FAME la
mot thong s6 quan trong cung cap thém céc dit
liéu vé chat lugng va do tinh sach clia san phdm
diesel sinh hoc thu dugc. Két qua phan tich GC
duoc trinh bay & bang 2.

Két qua & bang 2 cho thdy, cic axit béo
chinh chitta trong san phdam FAME Ia céc axit
béo capric (C10:0), lauric (C12:0), myristic
(C14:0), palmitic (C16:0), hexadecanoic



(C16:1n-9),  heptadecanoic  (C17:0), 10-
heptadecenoic (C17:1n-7), linoleic (C18: 2(n-6-
t), 7- octadecenoic (C18: 1n-7). Hau hét céc axit
béo nay déu c6 mat trong sinh khéi tdo lam
nguyén liéu dé chuyén héa (bang 1). Tuy nhién,
khi so sanh véi thanh phan axit béo trong sinh
khéi tdo thi san phdm FAME thu duoc di c6
thém nhiéu cdc axit béo mach ngan duéi 18
cacbon va khong con cac axit béo mach dai cé
chia nhiéu lién két doi nhu DHA (C22:6n-3),
DPA (C22:5n-6). Diéu nay c6 thé dugc gidi
thich trong qué trinh chuyén vi ester, duéi tdc
dung cua chit xdc tac axit sulphuric va nhiét do,
mot sd axit béo trong sinh khoi tao bi dut gay
lién két va cat mach. Tuy nhién, viéc stt dung

chat xudc tac axit va nhiét do trong qué trinh
chuyén vi ester can phai duoc khong ché & mic
thich hop vi ham lugng chat xuc tic cao va nhiét
do cao c6 thé dot chay dau trong sinh khéi téo
dan dén lam giam hiéu sudt cua qua trinh
chuyén héa diesel sinh hoc [6].

Nhu vay, céc axit béo trong san phim
FAME thu dugc la cac axit béo c6 tir 1 dén 2
lien két doi va dai khong qua 18 cacbon, trong
d6 ¢6 nhiéu loai axit béo c6 mach cacbon ngén.
Yéu t6 nay cung véi mitc do khong bao hoa chi
khoang 0,57 1a nhitng dac diém rat c6 loi d6i véi
diesel sinh hoc dugc dung lam nhién liéu trong
qud trinh sit dung, bdo quan va van chuyén.

Bdng 2

Thanh phan axit béo ciia san pham diesel (FAME) sinh hoc thu duoc

Thanh phan FAME Ham luong (% FAME t6ng s6)

C10:0 2,83

C12:0 9,50

C14:0 0,97

C16:0 9,12
C16:1n-9 1,58
C17:0 2,41
C17:1n-7 1,37
C18:2n-6-t 6,19
C18:1n-7 41,40
Thanh phan khéc 24,63
Miic do khong bao hoa 0,57

Ghi chu: Miuc do khong bao hoa = [1 X (% monene) + 2 X (% diene) + 3 % (% triene)...]/100 [2].

4. Tinh chat vat 1y cia san pham diesel
sinh hoc

Dua vao miic do khong bao hoa cua cac axit
béo chita trong san pham FAME (0,57) va cic
phuong trinh 1y thuyét vé mdi tuong quan giita
muc do khong bdo hoa va céc tinh chat clia san
phdm FAME do Hoekman va nnk. (2011) xay
dung [8], chiing toi da tinh toan theo ly thuyét
duoc mot s6 cac chi tieu chit luong cua san
pham diesel sinh hoc thu duoc nhu tri s6 xétan,
diém chép chdy coc kin, do nhét dong hoc &
40°C, chi s0 iot, trong luong riéng & 15°C - day
la 5 chi tiéu quan trong nhat cta diesel sinh hoc.
Két qua tinh todn ly thuyét 5 chi tiéu néu trén
cta diesel sinh hoc dugc chi ra & bang 3.

Nhu vay, céc két qua vé trong luong riéng,
do nhé6t dong hoc, diém chép chdy coc kin, chi

sO iot va tri s6 xétan cha san phdm diesel sinh
hoc duoc san xuat tir sinh khoi Chlorella sp. déu
nam trong muc cho phép cuia san pham diesel
sinh hoc goc B100 theo tiéu chuén Viét Nam da
cong bo [19]. Két qua nay goi y cho chiing toi
biét ring, phuong phdp chuyén vi ester tai chd
st dung chat xudc tac axit 1a mot phuong phap
thich hop, hiéu qua va kha thi dé san xut diesel
sinh hoc chat lugng cao tur vi tao Chlorella sp..
Ngoai ra, 14 chi tiéu dac trung cho tinh chat cta
diesel sinh hoc g6c B100 (theo tiéu chuin Viét
Nam di cong bo [19]) dugc chuyén héa tir sinh
khoi Chlorella sp. doi hoéi phai tao du 3 lit san
pham dé c6 thé phan tich va kiém tra chat luong
tai Trung tam tiéu chuén do ludng chat lugng 1,
Bo Khoa hoc va Cong nghé¢ s€ duoc ching toi
cong bo trong cdc cong trinh nghién ciu
ti€p theo.
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Bdng 3

Két qua xac dinh 5 chi tiéu chat luong cia san pham diesel sinh hoc dugc du doan theo
phuong trinh ly thuyét cta tac gia Hoekman va nnk. (2011) [8]

Céc chi tieu ciia Diesel sinh hoc Miic cho phép (theo
. . Phuong trinh 1y thuyét san xuat tir tiéu chuan Viét Nam)
diesel sinh hoc
; Chlorella sp. [19]

Trong lugng riéng & | Y = 0,0055X + 0,8726;
15°C R® = 0.6644 0,876 0,860 - 0,900
P06 nhét dong hoc 6 | Y = -0,631X + 5,2065; )
40°C R’ = 0,6704 4.8 1.9-60
Diém chép chdy coc | Y = 31,598X + 118,71; .
Kin R = 0,6364 137 Min 130

y e Y= 74373X + 12,71;
Chi so6 1ot R? = 0,9484 55 Max 120

C e Y = -6,6684X + 62,876; .
Tri s xétan R = 0,8049 59 Min 47

Ghi chii: X. Miic do khong bao hoa clia céc axit béo chia trong san pham FAME; Y. Chi tiéu dac trung cho

tinh chdt clia san phdm diesel sinh hoc.
III. KET LUAN

Phuong phap chuyén vi ester tai chd sit dung
chat xtc tac axit 1a phuong phap thich hop, hiéu
qua dé san xuit diesel sinh hoc tir vi tdo bién
Chlorella sp. Hiéu suét cha qué trinh chuyén
héa dat 90% (tinh theo trong lugng dau). Cac
axit béo chinh chita trong san pham FAME Ila
céc axit béo mach ngéan c6 tir 1 dén 2 lién két
doi nhu axit capric, lauric, myristic, palmitic,
hexadecanoic, heptadecanoic, linoleic. Ngoai ra,
tinh toan dua theo cac phuong trinh 1y thuyét da
cho thdy trong luong riéng 6 15°C, do nhét dong
hoc & 40°C, chi s6 iot, diém chép chdy coc kin
va tri s6 xétan cla san pham diesel sinh hoc sén
xudt tir vi tdo Chlorella sp. déu nam trong muc
cho phép clia san phiam diesel sinh hoc goc
B100 theo tiéu chuan Viét Nam di cong bo [19].

Loi cam on: Cong trinh duoc ho trg kinh phi
cta dé tai "Nghién citu quy trinh cong nghé san
xudt vi tdo bién lam nguyén liéu sdn xudt diesel
sinh hoc" cap Bo Cong thuong 2009-2011 thudc
Dé 4n phat trién nhién liéu sinh hoc dén nam
2015 va tam nhin dén nam 2020 cho Phong
Cong nghé Tao, Vién Cong nghé sinh hoc.
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BIODIESEL PRODUCTION FROM A MICROALGAL CHLORELLA SP.
THROUGH THE TECHNOLOGY OF IN SITU TRASESTERIFICATION

DINH THI NGOC MAIL LE THI THOM, BUI DINH LAM, DOAN LAN PHUONG, DANG DIEM HONG

SUMMARY

Biofuel production is now the focal point of world attention due to rapidly escalating demand for crude
oil, major security concerns over supply and the environmental damage associated with crude oil extraction,
processing and consumption. In the global energy crisis context, biodiesel attracts increasing attention
worldwide and has core advantages over mineral diesel in that it is renewable, biodegradable, clean-burning,
non-toxic and carbon neutral with respect to carbon dioxide related climate change. Recently, microalgae have
long been identified as a potential feedstock due to their many advantages for biodiesel production.
Microalgae produce cellular storage lipids in the form of triacetylglycerols (TAGs) which can be readily
converted to fatty acid methyl esters (FAMEs) via a simple chemical transesterification reaction. The
production of a fast growing, high lipid strain of algae that can be mass cultivated under controlled and
engineered conditions will have overwhelming appeal as an feedstock for biodiesel production. We have
successfully isolated local, indigenous strains of microalgae which could be preferable for microalgal lipid
culture in biodiesel production. Our key objective is to maximize the cellular lipid content of selected strains
of local microalgae which have a high biomass yield in engineered intensive bioreactors, on algal growth in
photobioreactors PBRs - the natural choice as microalgae are phototrophic, utilizing light and CO, for the
production of energy and biomass via photosynthesis. The aims of this work are firstly to obtain high quality
biodiesel production from a microalga Chlorella sp. through the technology of in situ transesterification.
Secondly, the prediction properties of the obtanined Chlorella sp. biodiesel such as specific gravity at 15°C,
kinematic viscosity at 40°C, flash point, iodine value, cetane numeric value will be compared with biodiesel
quality standard of Vietnam. The obtained results suggested that the in situ transesterification technology was
a feasible and effective method for the production of high quality biodiesel from marine microalga.
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