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1. MO PAU

Céc ngudn ning lugng co ban dugc sir dung hién nay bao gdm dau mo, khi ty nhién, than
dd, nang lugng nudc va nang luong hat nhan. Nhu cau ndng lugng dang ngay cang tang cao do
su gia ting dan sé va qué trinh cdng nghi€p hoa. Do vy, dé giam thiéu nhimg tic dong tiéu cyc
clia viéc 1¢ thudc vao cic ngudn nang luong truyen thong von da bat dau can kiét va khong c6
kha ning téi sinh, con ngudi di bét tay vao tim kiém cdc nguon nhién liéu thay thé. Trong dé,
diesel sinh hoc dang thu hdt nhiéu sy quan tim do ching c6 kha nang tdi sinh, phan huy sinh
hoc, khong doc va thén thién v6i moi truong. Viée san xudt diesel sinh hoc tir cdc ngudn nguyén
liéu truyen thong nhu dau co, déau tuong, dau hat cai.... [1, 2, 14] cin mot dién tich dét nong
nghiép rat 16n nén de doa dén vén de an ninh luong thu:c Nhiéu nudc trén thé gi61 nghién ctru vé
nhién liéu sinh hoc da khang dinh ring vi tao 12 mot trong nhitng lya chon hang dau.

Y tudng clia viéc sir dung vi tdo lam nguon nguyén liéu san xuit diesel sinh hoc khong phai
12 méi [5, 15, 17] nhung cho dén gan day van dé nay mdi duge xem xét mot cich nghiém tic do
gid dau mo dang ting cao va quan trong hon la tinh cap thiét do sy n6ng Ién toan cau lién quan
dén viéc str dung cdc nguon nhién liéu hoa thach [9]. Vi tao c6 toc do sinh _truong nhanh va ham
luong lipid cao, dudi diéu kién nudi cay thich hop, nhiéu loi vi tao c¢6 thé chira ham luong dau
chiém dén 70 % trong lugng khod [6]. Dia diém dé nuoi tréng vi tao c6 thé chu dong lya chon, c6
thé bd tri cdc bé ho hay hé théng kin tap trung nham tan dung diéu kién ty nhién s;m c6 dé ha gid
thanh san pham. Ngoai ra, vi tio c6 kha ning sir dung ngudn CO; trong khi quyén cling nhu hap
thy ngudn CO; dugc thai ra tir cic nha mdy thong qua qud trinh quang hop, gop phan lam giam
thleu phéc thai khi nha kinh giy ra hién tuong néng 1én cia trdi dét, giam bién doi khi hau toan
clu [16].

Nhleu céc nghién ciru va cong b hién nay vé viéc sir dung vi tao lam ngudn nguyén li¢u
san xuat diesel sinh hoc méi chi dimng lai & viéc lwa chon va nudi trong céc loai vi tao tiém nang.
Trong bai bao nay, lan dau tién ching t6i cong b6 céc két qua nghién ctru thu duoc vé& qud trinh
chuyén héa diesel sinh hoc tir sinh khdi vi tao bién Tetraselmis sp. 6 quy m6 phong thi nghiém,
1am co s& cho cho nhitng cai tién quy trinh cong nghé tiép theo dé c6 thé san xuat thuong mai
diesel sinh hoc tir vi tao bién niy & quy md 16n hon.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Chiing tio va diéu kién nudi ciy

Vi tdo bién Tetraselmis sp. dugc Phong Cong nghé Tao, Vién 'Cong ngh¢ sinh hoc phéan lap
tai Hai Phong vao thang 3 ndm 2008. Tetraselmis sp. dugc nudi cy trong céc binh nhua c6 thé
tich 1,5 dén 10 lit trong mdi truong Walne c6 thanh phan nhur sau (g/L nudc bién): NaNOs (hodc
KNO3)- 0,1, Na,EDTA.2H,0- 0,045, H3B0O3-0,0336, NaH,PO4.2H>0-0,02; FeCls. 6H,O- 0,0013,
MnCl,. 4H,0-0,00036; vi luong g6m (ug/L) ZnCl,- 2,1, CoCl, . 6H,0- 2, (NHs)s M070,. 4H,0-
0,9, CuSO4. 5H,0- 2 va vitamin B12- 10 ug/L, vitamin B1- 0,2 mg/L, biotin- 0,2 ug/L, chiéu 4nh
sdng c6 cuong d6 100 pmol/m?s véi chu ki sang: t6i 1a 12 : 12 gid, suc khi lién tuc ¢ 28 — 30 °C.

2.2. X4c dinh cdc dic diém hinh thai té bao va nhudém lipid bing Nile Red ciia Tetraselmis sp.

Quan sdt cdc ddc tinh hinh thdi: Dich nudi tao dugc ¢ dinh bang 3 % glutaraldehyde va
quan sat duéi kinh hlen vi dién tir quét (SEM) mdy JEOL JSM-6400 (Nhat Ban) ¢ d6 phong dai
1500 1an. Hinh théi té bao Tetraselmis sp. ciing dugc quan sat va chup anh trén kinh hién vi
quang hoc Olympus CX21 (Nhat Ban) vai vat kinh 40X.

Nhuom lipid trong 1é bao tio bdng Nile Red [12] Nhudém té bao tao béng Nile Red (9-
(Diethylamino)-5H benzo [a] phenoxazin-5-one) nham muyc dich phét hién cdc hat lipid khong
phan cuc trong té bao tao. 50 pl dung dich Nile Red c6 ndng d6 0,1 mg/ml trong aceton dugc bd
sung vao 1 ml dich tao. Hon hgp duoc vortex nhe nhang va u tdi trong 10 phiit & nhiét o phong.
Céc té bao tao da dugc nhuom Nile Red dugc quan sat dudi kinh hién vi huynh quang (NIKON
eclipse 80i-Nhat Ban) véi 4nh sdng kich thich c6 budc séng 450 - 490 nm va 4nh sdng phat
huynh quang cua Nile Red ¢ budc séng 540 - 640 nm.

2.3. Tach chiét lipid

Téach chiét lipid tir sinh khdi tao dugce tién hanh theo phuong phdp Bligh va Dyer (1959) 3]
voi mot s cai tién cho phit hop véi diéu kién phong thi nghiém cua Viét Nam. Lipid tong s6
duoc tach chiét tir bot tao kho v6i 10 ml hon hop dung mdi chloroform: methanol (2 : 1). Ba sinh
khdi duge chiét tiép vé6i chloroform 2 - 3 1an dé thu t6i da lipid chira trong sinh khdi tao. Dich
chiét dwoc tron déu véi nhau, loc qua gidy loc GF/C Whatman va chuyén 1én phéu chiét. Tién
hanh b6 sung thém 15 ml dung dich NaCl 0,9 %, tron déu va dé yén & nhiét d6 phong qua dém.
L6p dung méi hitu co phia dudi chira cdc thanh phan lipid dugc thu nhan. Sau d6, dung méi
dugc loai bo hoan toan ¢ 60 °C va lam kho trong desiccator. Tiép tuc hoa tan san phém thu duoc
trong n-hexan, loc qua gidy loc dé loai bé cin va 1am bay hoi hexan dé thu héi lipid.

2.4. Chuyén héa diesel sinh hoc tir sinh khéi téo bing phwong phap chuyén vi ester tai chd
sit dung chat xic tac axit

Hon hop phan tng gdm 20 gam bét sinh khdi tao kho Tetraselmis sp., 68 ml methanol,
12 ml axit sulphuric dam dac va 80 ml chloroform. Phan ung chuyén héa duogc thuc hién trén
mdy khudy tir gia nhiét v6i didu kién phan tmg 12 70 °C trong 3 gio va hdn hop dugc ddo tron
lién tyc trong qud trinh phan tng. Sau khi phan tmg két thiic, hdn hop duoc 1am ngudi dén nhiét
d6 phong. Sau dé6, bo sung vao hdn hop 80 ml nudc cit va tron déu trong 45 gidy, dé yén cho
phan 16p trén pheu chiét. Hon hop phan thanh 2 16p, 16p hiru co chira FAME duogc téch riéng va
chuyén vao binh ciu thuy tinh dé loai bo dung méi bang mdy cit quay chan khong. San phdm
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thu duoc tiép tuc duoc 1am sach bing hexan, loai bé hexan va thu nhan san pham diesel sinh hoc
cudi cung [12].

2.5. Xac dinh hiéu suit qua trinh chuyén héa va thanh phin axit béo ciia san phim diesel
sinh hoc

Hiéu suét cua qué trinh chuyén héa duge xéc dinh dua trén khoi luwgng cua san phém diesel
sinh hoc thu duoc so v4i ham lIugng dau c6 chira trong sinh khéi téo theo cong thuc sau: Hi¢u
suét chuyén héa = (khdi lugng ciia san pham FAME)/(kh6i lwong dau chira trong sinh khdi tao)
[18].

Thanh phan va ham lugng axit béo dugc xdc dinh bang phuong phép sic ki khi tai Vién
hod hoc céc hop chét tu nhién theo ti€u chuén ISO/FDIS 5590:1998, Lién Bang Duc theo
phuong phép da mé ta trong cong bd ctia Pang Didm Hong va cs. (2007) [11].

2.6. Xac dinh cac dac tinh chinh ciaa diesel sinh hoc

Cdc déc tinh chinh cua diesel sinh hoc thu duoc nhu trong lugng riéng 6 15 0C, diém chép
chdy coc kin, chi s0 iot, dd nhot dong hoc, tri sO xétan dugc xac dinh thong qua cac phuong trinh
Ii thuyét do Hoekman va cs. (2011) [10] xay dung.

3. KET QUA VA THAO LUAN

3.1. Céc dic diém hinh thai té bao va phat hién nhanh lipid trong té bao bing Nile Red ciia
Tetraselmis sp.

Tetraselmis sp. 12 10ai vi tao luc, don bao, hinh qua tim, t& bao c¢6 4 roi, ¢6 kha ning chuyén
dong, kich thudc: dai 8,4 + 1,0 um; rong 4,8 + 0,6 um (hinh 1A, B). Ngoai ra, khi dugc nhudm
v6i Nile Red, cdc hat lipit trung tinh (mau vang) trong té bao Tetraselmis sp. cling d& dang duoc
quan sat dudi kinh hién vi huynh quang véi dnh sang kich thich 450 — 490 nm (hinh 1C). Mirc
d6 bit mau vang ciia té bao phan dnh gidn tiép ham lwong lipid trung tinh ciia loai vi tao d6. Do
vay, nhudm lipid ndi bao véi Nile Red dugc xem 1a mot 1a ki thuat sang loc nhanh va hiéu qua
cdc chung vi tao tiém ning cho san xudt diesel sinh hoc [7].

Hinh 1. Hinh thdi té bao va anh chup lipid ctia Tetraselmis sp. A: Hinh thai té bao Tetraselmis sp.
dudi kinh hién vi quang hoc véi d¢ phéng dai 2100 1an. B: Hinh théi té bao Tetraselmis sp. duéi kinh hién
vi dién tr quét (SEM)véi d6 phéng dai 1500 lan. C: Anh chup lipid trong té bao Tetraselmis sp. dudi kinh

hién vi huynh quang sau khi nhuém Nile Red véi d¢ phéng dai 1500 lan.
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3.2. San xuit diesel sinh hoc tir vi tao Tetraselmis sp.

Pé xéc dinh tiém ning cta vi tao sir dung lam nguyén liéu cho san xuét diesel sinh hoc thi
viéc tach chiét lipid tur sinh khdi vi tao 1a can thiét. Dong thoi viéc xdc dinh chinh xdc ham lugng
lipid trong sinh khdi tao ciing déng vai trd quan trong trong viéc tinh todn hi¢u suat ctia qué trinh
chuyén héa diesel sinh hoc. Ham lugng lipid téng sd trong sinh khéi tao Tetraselmis sp. dugc
xdc dinh 1a 13,5 % trong lugng kho.

Diesel sinh hoc dugc chuyén héa tir sinh khbi khd Terraselmis sp. bang phuwong phap
chuyén vi ester tai chd sir dung chét xidc téc axit. Phuong phdp nay dd dwoc ching minh 1a don
gian, tiét kiém thoi gian va phit hop véi cic loai nguyén liéu c6 ham lugng axit béo tu do cao
nhu & vi tao [8]. Hiéu suat ctia qud trinh chuyén héa diesel sinh hoc tir vi tao Tetraselmis sp. dat
duogc 1a 71 % (tinh theo trong luong déu). Ngoai ra, hiéu qua chuyén héa con dugc danh gia
thong qua thanh phan axit béo cua san phdm FAME. Két qua nay cung cap thém cic dir liéu vé
chét lugng va dd tinh sach cua san phélm diesel sinh hoc thu dugc. Két qua phan tich GC dugc
trinh bay trong bang 1 va sic ki d6 hinh 2.

Bdng 1. Thanh phan va ham lugng axit béo ctia san pham FAME chuyén héa tir vi tao Tetraselmis sp.

Cong thuc hda hoc Tén khoa hoc Tén thuong goi Ham luopg (% so voi

tong so axit béo)
C16:0 Axit Hexadecanoic Palmitic 26,742
C16:1n-7 Axit 9- Hexadecanoic Palmitoleic 2,413
C17:1n-7 Axit 10- Heptadecenoic - 2,742
C18:0 Axit Octadecanoic Stearic 12,848
C18:1n-9 Axit 9- Octadecenoic Oleic 8,659
C18:2n-6-t Axit 9,12-octadecenoic Linoleic 11,002
C18:3n-6 Axit gamma-linolenic GLA 29,563
Mirc d6 khong bao hoa 1,25

Ghi chi: Muc d6 khdng bao hoa = [1 x (% monene) + 2 x (% diene) + 3 x (% triene) ...]/100 [4].

Két qua chi ra trén bang 1 va hinh 2 cho thdy, cdc axit béo chira trong san phim FAME
chuyen héa tir sinh khdi khd Tetraselmis sp. gom céc axit béo c6 tir 16 den 18 cacbon, trong d6
mot so axit béo c6 ham luong 16n nhu axit palmitic (26,74 % so voi tong so axit béo), GLA
(chlem 29,56 % so voi tong SO axit beo) ax1t stearic (chlem 12,85 % so voi tong SO axit beo)
axit linoleic (chiém 11,00 % so véi tong sd axit béo). Mirc dd khong bdo hoa ctia san pham
FAME la 1,25.

3.3. Tinh chit chinh ciia sian phim diesel sinh hoc thu dwoc tir sinh khéi Tetraselmis sp.

Mirc d6 khong bdo hda cua cdc acid béo chura trong san pham FAME 1a mét yéu t6 quan
trong, c6 anh hudng dén céc tinh chét cia nhién liéu [10]. Do vay, dya vao muc d¢ khong bao
hoa néu trén cling véi cic phuong trinh 1f thuyét vé mdi twong quan giita mic do khong bao hoa
va céc tinh chét dic trung cia san pham FAME duogc xdc dinh bang phuong trinh 1f thuyét do
Hoekman va cs. (2011) [10] d& xay dung, ching t6i da xac dinh dugc cac gia tri I thuyét cua
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mot s6 chi tiéu chat lugng quan trong ctia san pham diesel sinh hoc nhur tri s6 xétan, diém chép
chéy coc kin, dd nhot dong hoc & 40 °C, chi s6 iot, trong luwong riéng ¢ 15 °C. Két qua tinh toan
1i thuyét 5 chi tiéu chinh néu trén cia diesel sinh hoc dugc chi ra trén bang 2.
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Hinh 2. Sic ki d0 thanh phan axit béo ctia sin phim FAME chuyén héa tir sinh khdi kho Tetraselmis sp.

Bing 2. Két qua xdc dinh 5 chi tiéu chat lugng chinh ctia sin phdm diesel sinh hoc thu dugc tir sinh khoi
tao Tetraselmis sp. dugc du dodn theo phuong trinh 1i thuyét cia Hoekman va cs. (2011).

Cic chi tiéu cua diesel Phuong trinh If thuyét | FAME san xudt tir | Mt cho phép (theo tiéu
sinh hoc Tetraselmis sp. chuan Viét Nam)

Trong lugng riéng ¢ 15°C | Y = 0,0055X + 0,8726, 879 860-900

(kg/m?) R? = 0,6644

Do nhdt dong hoc ¢ 40°C | Y = -0,631X + 5,2065 , 4,4 1,9-6,0

(cSt) R?=0,6704

Diém chép chdy cbc kin | Y = 31,598X + 118,71, 158 Min 130

(°C) R?=0,6364

Chi s6 iot (mg KOH/g) Y= 74373X + 12,71, 106 Max 120
=0,9484

Tri s6 xétan Y =-6,6684X + 62,876, 55 Min 47
=0,8049

Nhu vay, cic két qua nghién ciru thu dugc trong bang 2 da cho ta thdy vé trong luong
riéng, do nhot dong hoc, diém chop chay cde kin, chi sb iot va tri s6 xétan cua san pham diesel
sinh hoc dugc san xuét tir sinh kh01 clia vi tao bién Tetraselmis sp. déu ndm trong mirc cho phép
clia san pham diesel sinh hoc goc B100 theo tiéu chuan Viét Nam cong bd [19]. Két qua nay 1a
co s& quan trong dé chiing t61 tlep tuc nghién ctru & cdc quy mo 16n hon nham tao du 3 lit nhién
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liu dem kiém tra va phan tich chét lugng tai Téng cuc tiéu chuén chét lugng, Trung tdm ki thuat
tiéu chuan do luong chat luong 1, B Khoa hoc va Céng nghé.

4. KET LUAN

Tir céc két qua nghién ctru trén chiing toi rit ra mot s két luan sau:

Céc hat lipid trung tinh trong té bao Tetraselmis sp. c¢6 thé duoc quan sit bang phuong
phéap nhudm Nile Red. Day la phuong phap hiéu qua cho phép sang loc nhanh céc chung tao c6
ham lugng lipid cao 1am nguyén lidu san xuét diesel sinh hoc. Bén canh do, cac két qua quan sdt
hinh théi duoi kinh hlen vi quang hoc va kinh hién vi dién tir quét cung cip thém cic dir liéu vé
dic tinh cau tric cia té bao vi tao Tetraselmis sp.

Phuong phap chuyén vi ester tai chd st dung chat xidc tdc axit 12 phuong phap phu hop,
hiéu qua dé san xudt diesel sinh hoc tir vi tao bién Tetraselmis sp. Hiéu suat ctia qué trinh chuyen
héa dugc xac dinh 1a 71 % (tinh theo trong luong dau) C4c axit béo chua trong san pham
FAME gdm cic axit béo co tur 16 dén 18 cacbon nhu axit palmitic, GLA, axit stearic, axit
linoleic. Céc gid tri vé trong luong riéng ¢ 15 °C, do nhét dong hoc ¢ 40 9C, chi sb iot, diém
chép chay cdc kin va tri s6 xétan ciia san pham diesel sinh hoc san xuat tir Tetraselmis sp. tinh
todn duoc theo phuong trinh Ii thuyét déu nam trong muc cho phép ctia san pham diesel sinh hoc
gbc B100 theo tiéu chudn Viét Nam cong bd.

Loi cam on. Cong trinh dugc hd trg kinh phi clia Qé tai “Nghién ciru quy trinh cong nghé san Xuét vi tao
bién lam nguyén li¢u san xuat diezen sinh hoc” cap B6 Cong thuong 2009-2011 thudc B¢ dn phat trién
nhién liéu sinh hoc dén nam 2015 va tam nhin dén nam 2020.

TAI LIEU THAM KHAO

1. Ahmad A. L., Yasin M., Derek and Lim J. K. - Microalgae as a sustainable energy source
for biodiesel production, Trends in Biotechnology 14 (2010) 584-593.

2. Al-Widyan M. L., Al-Shyoukh A. O. - Experimental evaluation of the transesterification of
waste palm oil into biodiesel, Bioresour Technol 85 (2002) 253-256.

3. Bligh E. G. and Dyer W. J. - A rapid method of total lipid extraction and purification, Can.
J. Biochem. Physiol. 37 (1959) 911-917.

4. Chen F., Johns M. R. - Effect of C/N ratio and aeration on the fatty acid composition of
heterotrophic Chlorella sorokiniana, Journal of Applied Phycology 3 (1991) 203-209.

Chisti Y. - An unusual hydrocarbon, J. Ramsay Soc. 27-28 (1980-1981) 24-26.

Chisti Y. - Biodiesel from microalgae beats bioethanol, Trends Biotechnol 26 (3) (2008)
126-131.

7. Doan T. T. Y., Sivaloganathan B., Obbard J. P. - Screening of marine microalgae for
biodiesel feedstock, Biomass and Bioenergy 35 (2011) 2534-2544.

8. Ehimen E. A., Sun Z. F., Carrington C. G. - Variables affecting the in situ
transesterification of microalgae lipids, Fuel 89 (2010) 677-684.

9. Gavrilescu M., Chisti Y. - Biotechnology a sustainable alternative for chemical industry,
Biotechnol. Adv. 23 (2005) 471-479.

190



Nghién ctru sAn xuét diesel sinh hoc chét lvong cao tir vi tdo bién Tetraselmis sp

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hoekman K., Broch A., Robbins C., Cenicero E. - Investigation of biodiesel chemistry,
carbon footprint and regional fuel quality, Coordinating Research Council Report (2011)
No. AVFL-17a.

Ding Diém Hong, Hoang Minh Hién, Nguyén Dinh Hung, Hoang Sy Nam, Hoang Lan
Anh, Ngé Hoai Thu, Dinh Khanh Chi - Nghién ctru vé& qua trinh sinh tong hop DHA tir
céc loai vi tao bién di dudng méi Labyrinthula, Schizochytrium va tmg dung, Tap chi
Khoa hoc va Coéng ngh¢ 45 (1B) (2007) 144-153.

Jara A. D. L., Mendoza H., Martel A., Molina C. - Flow cytometric determination of lipid
content in a marine dinoflagellate, Crypthecodinium cohnii, Journal of Applied Phycology
15 (2003) 433-438.

Johnson M. B., Wen Z. Y. - Production of biodiesel fuel from the microalgae

Schizochytrium limacinum by direct transesterification of algal biomass, Energy Fuel 23
(2009) 5179-5183.

Lang X., Dalai A. K., Bakhshi N. N., Reaney M. J., Hertz P. B. - Preparation and
characterization of bio-diesels from various bio-oils, Bioresour Technol. 8 (2001) 53-62.

Nagle N., Lemke P. - Production of methyl ester fuel from microalgae, Appl. Biochem.
Biotechnol. 24-25 (1990) 355-361.

Pokoo-Aikins G., Nadim A., El-Halwagi M. M., Mahalec V. - Design and analysis of
biodiesel production from algae grown through carbon sequestration, Clean Techn
Environ. Policy 12 (2010) 239-254.

Sawayama S., Inoue S., Dote Y., Yokoyama S. Y. - CO2 fixation and oil production
through microalgae, Energy Convers Manag. 36 (1995) 729-31.

Sharma Y. C., Singh B. - Development of biodiesel: Current scenario, Renewable and
Sustainable Energy Reviews 13 (2009) 1646-1651.

TCVN 7717: 2007, Nhién liéu diesel sinh hoc gbc (B100) Yéu ciu ki thuat
ABSTRACT

HIGH QUALITY BIODIESEL PRODUCTION FROM A MARINE MICROALGA
TETRASELMIS SP.
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The world is facing declining fossil fuel reserves at a time when energy demand is

exploding. In this context, biodiesel attracts increasing attention worldwide as a clean energy for
the future to substitute conventional fuel. However, the lack of oil feedstocks limits the large-
scale development of biodiesel to a large extent. Recently, microalgae have long been identified
as a potential feedstock due to their many advantages for biodiesel production. Compared to
traditional feedstocks such as rapeseed, jatropha and soybean, microalgae can rapidly grow on
nonagricultural land or in brackish water with high oil content, rapid growth rate, less affection
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by venue, season and climate, and easier to scale up. Moreover, they can absorb carbon dioxide
as the carbon source for growth. This work was undertaken to obtain high quality biodiesel
production from a local marine microalga Tetraselmis sp. The in situ acidcatalysed
transesterification resulted in a biodiesel yield of 71 % based on algal oil. The prediction values
of density at 15 °C, viscosity at 40 °C, flash point, iodine value, cetane number meet the B100
biodiesel quality standard of Vietnam. In addition, the structural morphology and lipid staining
of Tetraselmis sp. were also studied.

Keywords: biodiesel, in situ transesterification, lipid, marine microalga, Nile Red, Tetraselmis
Sp..

Y kién TBT:
Dé nghi bd sung Tém tit (Tiéng Viét va Tir khoa. Phan nay cin tuong thich v6i Abstract &
Keywords.

192



