Tap chi Khoa hgc va Cong nghé 83 (5) (2015) 646-653

DOI: 10.15625/0866-708X/53/5/5100

NGHIEN CUU CHIET TACH DAU TU SINH KHOI VI TAO HQ
BOTRYOCOCCUS SP LAM NGUYEN LIEU CHO QUA TRINH
TONG HQP BIODIESEL

Nguyén Trung Thanh, Nguyén Ding Toan , Pinh Thi Ngo

Truomg Pai hoc Bdch khoa Ha Néi, 1 Pai Cé Vigt, Hai Ba Trumg, Ho Noi
"Email: dangtoanbkhn@gmail.com

Dén Toa soan: 20/10/2014; Chép nhan dang: 16/3/2015

TOM TAT

Bai bao nay nghién clru cc diéu kién céng nghé cta qua trinh trich li du tir sinh khéi vi
tdo khd ho Bofryococcus, bao gdm anh hudng cia nhiét dg, thoi gian va cac dung mébi khic nhau
str dung trong qua trinh trich li. Cac dung méi dugce lya chon bao gdm n-hexan, n-heptan, toluen,
etanol, isopropancl, hén hop cia n-hexan/etanol va hén hop n-heptan/isopropanol. Tiéu chi dé
khao sat cac diéu kién cong nghé dua trén hidu suét trich 1i ddu ¢o trong sinh khéi vi tao khé ho
Botryococcus. Két qua cho thdy trong cac diéu kién khac nhau, hiéu sudt trich 1i thay ddi va dat
higu suat cao nhat 12 37,36 % so véi khéi lugng sinh khéi khé khi sir dung hé dung méi z-
hexan/etanol ¢6 ti 1& thé tich 2/1, tai nhiét d6 trich li 60 °C va thoi gian trich li 10 gi¢. Phuong
phap GC-MS dugc sir dung dé xac dinh thanh phan hda hoc cta dau vi tao, két qua chi ra loai
dau nay chira mét lwong 1ém hydrocacbon — chi yéu la n-heptadecan, bén canh thanh phan chinh
cia du 14 cdc triglyxerit va céc axit béo ty do. Diu ¢6 chi sé axit cao, chirng t6 ham lugng axit
béo tu do lom.

Tir khoa: trich 1i, vi tdo, Botryococcus, sinh khbi.

1. GIOI THIEU

Vi tio 12 mét trong nhirng loai nguyén liéu cé trién vong nhét cho qua trinh tong hop
biodiesel do ¢6 rat nhiéu wu diém nhu ning suat cho dau 16, cé thé nudi trong duge mét cach dé
dang trong méi truong nude ngot, nude min, thim chi trong ngudn nude 6 nhidm, dong thoi 6
thé sir dung khi CO, dé t0ong hop chét dinh dudng. Viée chiét tach du tir sinh khéi vi to 1a khau
rit quan trong trong qué trinh san xuat biodiesel. Diu tao cd thé dugc tach bang phrong phép ép
ki thuat, Soxhlet, sir dung CO, siéu t¢i han hodc dung mdi hoa hoc [1, 2, 7, 8]. Phuong phap
trich i dau béo tir sinh khéi tao b'ﬁng dung méi 1a phuong phap cho hiéu qua chiét tach cao, sir
dung cac dung mdi ré, dé kiém, dong thoi khéng tiéu hao nhiéu ning luong [5, 9, 10]. Trong bai
bao nay, ching téi tip trung nghién ctru anh huong cha cac loai dung mdi khic nhau ciing nhu
anh hwdong cia thoi gian va nhiét d6 t6i hiéu gua cta qua trinh chiét tach diu tio, Chung vi tao
duge sir dung thude ho Botryococcus sp, day la mot loai vi tao chita ham lvong diu cao, dic biét
¢0 chita ¢4 céc hydrocacbon ngoai cdc chat béo. Ciing theo tac gia [5], trong sinh khdi vi tao khd
cia ho nay, lirgng chit béo chiém 14,3 %, con luong hydrocacbon chiém 9,1 %, tuy nhién ciing
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khing dinh cac didu kién nubi ciy, thu hoach anh hudmg Ién dén ham luong diu cé trong loai
fao nay.

2. THU'C NGHIEM
2.1, Vit liéu

Sinh khéi vi tao khé ho Botryococus sp durge thu mua tai Vién Khoa hoc va Cung nghé mai
truong, Truong Dai hoc Bach khoa Ha Néi. Vi tdo ho ndy sau qué trinh nudi cdy dugce thu
hoach, €p tach nudc so b va sdy kho thanh sinh khéi vi tdo khd. Vi tdo khd duoe sir dung truc
tiép vao qua trinh trich li ma khong qua cic burde tinh ché thém.

Cac hoéa chat duge sir dung trong nghién ciru Ja loai tinh khiét va khong cin phai qua cic
quy trinh lam sach trude khi dua vao thi nghiém.

2.1. Qua trinh chiét tach diu vi tio

Trung moi thi nghi€ém, dong dung méi vao binh cau d3 c6 con khudy tir, rdi cho tur tu luong
tao da can vao binh, khuay nhe, lap sinh han nguoc, nhiét ké vao cac nhanh cua binh ciu, nhanh
con lai ddy kin dé tranh that thoat dung moi. Bét bep khudy tir, dit tbe dd khua}r, gla nhiét tir tir
cho hdn hop tai nhiét d6 cin dat, duy tri nhiét d6 va tdc d¢ khudy d6 trong sudt thai gian trich i

Sau khi hoan tat qua trinh trich li, ¢ ngudi hdn hop tao va dung méi rdi loc hén hop nay
bang may loc hat chian khong dé tach dich chiét ra khoi bd tao. Dich chiét duge dua di chung
tach loai dung mo1. Dung mdi dé bay hoi duge ngung tu nhd sinh han lam lanh bang nudce va thu
hdi vao binh chira dé tai sir dung. Luong dau béo thu duoc dem cén dé xac dinh khdi luong.
Khdi luong tao khé: 50 gam, lugng dung mdi: 400 ml. Hiu suat tach dau (%0) = (Mys/ Mo kha) %
100. Hiéu suat nay xéc dinh luong dau duge tich ra so vai lugng sinh khéi vi tio ban dau. Dau
vi t3o duge x4c dinh thanh phan héa hoc bang phurong phap GC-MS trén may may sic ky khi
GC6890-MS5898, cbt mao quan HT-5M.

2.2. Anh hiréng ciia cac loai dung moi khac nhau téi qud trinh trich I

Cac loai dung mdi duge s dung: etanol, iso- pmpanﬂ] n-hexan, n-heptan, toluen, hdn hop
n-hexan/etanol voi ti 16 thé tich 1,5/1, hén hop dung méi n-heptan/iso-propanol ti 1& thé tich
1,5/1, khdi hrong tao khd: 50 gam, thé tlch dung mdi: 400 ml, nhigt d6 trich 1i; 60 °C, thdi gian
trich 11i: 10 h.

2.3. Khio sdt cic yéu to anh hirdng t6i qua trinh trich li khi sir dung dung méi hén hop
(hexan/etanol)

2.3.1. Anh hucmg ctia nhiét do trich li

Cic yéu t6 anh huomg dén qua trinh trich 1i bao gc}m nhiét do, thoi gian, ti 18 thé tich
n-hexan/etanol dugc khao sat. Trong mbi lan khao sat, khéi lugng vi tao khd dua vao qua trinh
trich Ii dwoc giir khéng déi S0 g, thé tich dung méi 400 ml. Céc thong s& khio sat nhu sau: nhiét
dd tir 40, 50, 60 va 70 °C; thoi gian tir 4, 6, 8, 10 va 12 gio; ti 1€ thé tich n-hexan/etanol tir 1/1,
1,5/1, 2/1,2,5/1, va 3/1.
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3. KET QUA VA THAO LUAN
3.1. Khao sat aoh hwong ciia cac loai dung mdéi khac nhau téi qui trinh trich li

Hiéu qué cua qua trinh trich i bang dung moi hda hoe phu thudc rat nhiéu vao tinh frong
dong gitra dung méi va cac cdu tir can tach [3]. Cac théng s& vit li can dwoc quan tam la;
mémen ludng cuc, kha ning hoa tan, kha ning tao lién két hydro, d6 phén cuc. Cac dung moi
khong phan cuc s& cho hiu qua chiét tich cao v&i céc chit khong phén cuc trong vi tao nhur cic
hydrocacbon. Cac dung méi phin cuc wu tién hoa tan cac chit ¢6 cyc (cac axit béo, triglyxerit,
photpholipid...) trong vi tao, do do hi€u qua phan tach cac chat nay s& cao hon. Thong thudng,
vi tdo chira rat nhiéu céc hop chét phan cuc va ca khong phan cye nén viée sir dung hén hop
dung mdi s& cho hi¢u qua chiét tach cao hon hén cac dung méi chi chira mét loai hgp chat. Hiéu
suit tach dau trén cac loai dung méi khac nhau dugc dura ra trong Bang 1.

Bang I. Nghién ciru chiét tach diu tao sir dung cé4c loai dung mdi khic nhau
(nhiét @6 trich 1* ~0 °C, th&i gian 10 gid).

Liung méi
Hexan/et | Heptar/isopro |Heptan/eta
Etanol  |Iso-propanol|Toluen |n-hexan |n-heptan |anol (v/v [panol (v/v nol (vwy
L5/1) 1,5/1) 1,5/1)
Khéi lugng
diu, g 9,115 4,105 2,065 5,67 6,34 16,20 7,13 16,20
Hiéu suit
: 18,23 8,21 4,13  [11,34 12,68 32,40 14,26 32,40
tach dau, %

Tir két qua & bang trén ta ¢ thé thdy dung méi toluen cho hidu qua tach diu thap nhit 4,13 %,
tiép theo 1a dung moéi iso-propanol 8,21 %. Cac dung mdi hexan, heptan cho hiéu qua tach cao
hon, 14n luot 13 13,34 %, 12,68 % nhung van thap hon dung méi etanol (18 23 %). Dung méi
hén hop giira n-heptan/iso-propanol cho hiéu sudt cao hon cic dung mai riéng biét nhung lai
thap hon hén hop dung méi hexan/etanol. Hon hop dung méi n—heptmﬂetanﬂl cho higu qua tach
dau bang vdi hé n-hexan/etanol (32,40 %). Két qua nay cé thé duge glal thlch do tinh chét phén
ctre cua cac loai dung mdi va kha ning tham thau ctia chiing qua mang té bao vi tdo ciing nhu
kha ning tao kién két hydro voi mang lipid clia t& bio, Etanol la dung mdi phén cyc (mdmen
hrdng cue 1,55 Debye), ¢ kha ning tao lién két hydro manh nén kha nang tach cac chét c¢é cuc
cao hon hexan heptan, toluen. Hon nifa, kha nang thdm thin qua mang té bao va kha nang hoa
tan cila etanol cao hon nén hiéu qua tach ciing cao hon hin (théng s& kha ndng hoa tan cua
etanol 13 26,12 (J/em’)"”, chia hexan 13 14, 71 (J/cm®)%) [3], dbng thdi c6 thé tach dige nhicu
cac hop chit c¢é cuc nhu xeton, axitcacboxylie, ¢ac ancol... Nguge lai, hexan 13 dung mo1 khong
phén cyc (mdmen ludng cyc bing 0) nén c6 kha niing tich cc chét khdng cyc tot hon etanol.
Iso-propanol ¢6 mémen ludng cuc 1a 1,615 Debye, cao h::m so v&i etanol nhung kha nang hoa
tan lai kém hon, va kha ning tao lién két hydro rit yéu nén kha nang tach kém hon etanol.
Toluen la hydrocacbon thom khdng phan cyc, kha ning tich cic chét béo rit kém, flung thoi

tach hydrocacbon dang mach thang s¢ kém hon so v&i n-hexan va »- heptan Dung mdi »-heptan
co mach cacbon dai hon so véi #-hexan nén kha niing tach tét hon so véi n-hexan.

Khi sir dung dung mdi hén hop thi cé thé két hop dac tinh ¢ha ¢ hai loai dung mdi nham
tach ¢ nhimg chat phén cuc va khong phin cuc trong té bao vi tao, bdi vdy hiéu qua cha qua
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trinh trich li s& dat cao hon trong hén hop cic dung md ndy. T nhu'ng phén tich & trén ta ciing
c6 thé thdy hén hop n-heptan/iso-propanol ¢é higu suat thap hon so v&i hiéu sudt cia hén hop n-
hexan/etanol do tinh phén cuc, kha ning hoa tan ctia hdn hop dung médi do kém hon. Hén hop »-
heptan/etanol va n-hexan/etanol ¢é hi¢u qua tach bing nhau mac du n-heptan tach t6t hom so voi
n-hexan, didu niy cé thé do hiéu sudt tach 32,40 % d 1a hiéu suét tach téi da cia loai vi tao nay
tai ti I¢ dung mdi khao sat. Vi n-heptan ¢6 gia thanh cao hon nhidu so v&i n-hexan nén chang tbi
chon hé dung méi n-hexan/etanol dé khao sat cac diéu kién anh hudng dén qua trinh trich li.

3.2. Khao sit cac yéu té anh hwdng téi qua trinh trich li khi sir dung dung mdi hén hop
(hexan/etanol)

3.2.1. Anh hueomg cua nhiét dg wrich li

Pé khao sat anh hudéng cua nhi¢t 46 trich li tdi qua trinh trich [i dau vi tao chiing toi gitt
nguyén céc thong sd khac, chi thay ddi nhiét d6 cia qua trinh. Két qua dugc dua ra trong Bang 2.

Bang 2. Anh huéng clia nhiét dd t6i qua trinh trich li (thoi gian 10 gid, ti 16 thé tich hexan/etanol 1,5/1).

Nhiét dp 40 °C 50 °C 60 °C 70 °C 80 °C
Khéi lugng dau (g) 13,75 15,70 16,20 11,56 10,62
Hiéu suit (%) 27,50 30,14 32,40 23,12 21,24

Két qua trén cho thiy khi tang nhiét dd trich Ii tir 40 °C 1én 60 °C thi hiéu suit tach dau
ting lén dang ké vi khi nhiét d6 tang sé& thac day qua trinh tham thiu cia ‘dung mdi vao bén trong
té bao va ndng cao kha ning hoa tan cia cac chat trong dung méi, tang tdc dd hoa tan cua ching,
tir 46 ting hidu qua cua qua trinh trich 1i. Khi nhiét d6 tang té1 70 - 80 °C thi hi¢u sudt tach dau
lai giam xuc}ng bdn & cac nhiet d6 nay dung maéi déd s61 va bay hoi rat manh, dii ¢é sinh han
nguoc hdi luu nhung van that thoat mdt lugng dung moi dang ké va khong dam bao hiéu suit
cua qua trinh trich li. Bén canh do, khi nhigt d¢ tang cao ¢ thé anh hudmg téi chat luong cua dau
béo trong sinh khoi vi tao.

3.2.2. Anh huong cua thoi gian trich li

Chung té1 cling tién hanh khao sat thoi gian trich 1i d& tim ra khodng thai gian t6i wu cho
qua trinh nay. Két qua khao sat duoc thé hién trong Bang 3.

Béng 3. Anh hudng cia théi gian toi qua trinh trich 1i (nhiét 4§ 60 °C, ti I¢ thé tich hexan/etanol 1,5/1).

Thai gian { gig 6 gio 8 gior 10 gior 12 gic
Khéi tuong dau (g) 9,36 11,155 15,06 16,20 16,20
Hiéu suét (%) 18,72 22, 31 30,12 32,40 32,40

Khi tang thoi gian trich Ii hiu qua caa qua trinh tang dan lén. Khoang thai gian tir 4 - 8
gi¢, higu sudt cha qua trinh ting [én nhanh bdi trong khoang thot gian dau, khi noéng d6 cac chit
trong dung mo&i con thap thi tdc d6 hoa tan cac chét vao trong dung mdi chiét con cao [4], hiéu
suft tach twong (ng ting tir 18,72 % 1én 22,31 % va 30,12 %. Sau 8 t61 10 gio chiét, néng do cac
chét trong dich chiét 16m, tdc d6 hoa tan cham, hiéu suit tach ting tir 30,12 % 1én 32,4 %. Khi
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thoi gian tach 4 12 gior thi hiéu suét tach van khong ting l1én bdi hau hét cac chéit c6 kha nang
hoa tan van dung mdi chiét di hoa tan hoan toan, va nhu vay, thai gian tich téng Ién nita thi hiéu
qué tach van khong tang Ien, ti€u hao ning luong, tén kém, lang phi. Qua diy cé thé két luan
thoi gian chiét tach toi wu 13 10 gid.

3.2.3. Anh luromg ciia 11 16 dung moi chiét hexan/etanol

Khi sir dung dung méi hén hgp giita hexan va etanol ta s& tdn dung duoc wu didm cia c3
hat loai dung moéi nay nham nang cao hiéu qua cita qua trinh chiét tach. Ti 1& hexan/etanol s& ¢é
anh hudng 16m ti hidu suat tach ddu. Bang 4 trinh bay két qua clia anh hudng nay.

Bdng 4. Anh huéng clia ti 1¢ hexan/etanol t¢i hiéu suét tach diu (nhiét dd 60 °C, thoi gian 10 gid).

Hexan/etanol 3/1 2,5/1 pid i 1.5/1 1/1
Khéi lugng dau (g) 9,17 11, 58 18,68 16,20 14,10
Hiéu suat tich (%) 18,34 23,16 37.36 32,40 2820

Dung mb1 etanol cho hiéu suét tich cao hon dung mdi hexan trong cung diéu kién chret
tich. Mdi dung méi thé hién vai tro khac nhau trong qua trinh trich li cac chat ra khéi sinh khéi
vi tdo. Khi lugng hexan/etanol cao (3/1; 2,5/1) thi hidu qua tach twong d6i thap. Diéu ndy c6 thé
dugc giai thich la do lugng etanol trong hén hep it nén kho tach triét dé cac hop chit khnng phén
cuc. Nguoc lai, khi lugng etanol nhiéu hon, hexan thap hon thi lai khé tach triét dé cac chit
khong hodc it phan cuc. Thuyc té nghién ciru chi ra ring ti 1& dung m6i thich hcrp 14 2/1. Day lati
18 t5i wu dé& c6 thé tach médt cich ddng thai cac hydrocacbon ciing nhu cic axit béo, céc
triglyxerit trong dau vi tao ho Botryococcus sp. Hiéu sudt tach dau dat 161 da 37,36 %, cao hon
nhiéu so voi luong dau trich 1i duge ciing tir loai vi tho nay (26,3 %) theo nghién ciru cia tac gia [9].

3.3. X4c dinh thianh phan héa hec trong dau vi tio

Thanh phan dé bay hoi trong dau vi tao 33 chiét tach cha yéu 1a cac hydrocacbon, con lai 1
cac hop chat khac véi ham luong nho, ching da phan ¢§ ti trong nhd hon so v6i metyl este thu
dugce tir qua trinh metyl hda nén dé dang tich ra & lop phia trén sau qua trinh metyl héa. Bing
phuong phap GC-MS, da phan tich dugc thanh phan va ham lugng céc loai cAu tir ¢6 mat trong
dau, két qua thé hién trong Bang 5.

Chang 181 cling x4c dinh duoc cic tinh chat ki thuit dic trung ciia dau tio nhu chi sb axlt
chi 6 iot. Pdng théi tir Bang 5 trén va mét s6 qua trinh tinh todn, cé thé rat ra mét hang tong
quét vé thanh phan cia diu vi tao nhu Bang 6.

Bdng 5. Thanh phin cac chét v cac gbe axit béo trong diu vi tao ho Botryococcus sp.

STT gﬁi Ug fan ha Tén hop chat Céng thire g?'/ﬂhi?h phan,
| 2,308 Methyl isobutyl keton CH ;0 1,70
2 2,383 n-butyl methyl cacbinol CsH 4O 2,24
3 14,042 3, 7 — Dimethyl nonane Cy1Hzg 0,81
4 14.783 Dihydroactinidiolide CuHis02 | 0,25
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5 17,025 1-hexyl-3-methyl cyclopentane C:Hoy 0,86

6 17,162 n-undecanol C,H;,O 0,95

7 17,558 n-heptadecane C7H ;6 26,49

8 19,767 Neophyltadiene CooHag 0,65

9 20,142 Isobutylphtalate CcH Oy 1,49

10 20,442 QOctadecanol DB5-2896 CsH1:0 0,62

1,2-benzene dicarboxylic acid, 2-butoxy-2-

| 21,608 oxoethyl butyl ester ’ 2 C18H2404 #4]

12 23,792 Phytol CoH400 1,28

13 28,750 Heneicosane<N->{C21)DB5-2931 CyHas 0,37

14 29,142 Bis(2-ethylhexyl) phtalate CyyH1s 1,36

15 29,242 Triphenylphosphine oxide CgHisOP | 0,65

16 5,200 Palmitoleic, ester C,7H3:0¢ 3,41

17 5,383 Hexadecanoic, ester Cy7H3404 30,68
18 6,017 3,6-octadecadienoic, este Cy9H;340, 0,03

19 6,467 Hexadecanoic, 14-methyl-, este CzH;0, 0,17

20 7,200 6,9, 1 2-octadecatrienoic, este CeH3,04 3,34

21 7.425 9,12-octadecadienoic(Z,Z), este CsH1405 8,37

22 7.517 9-octadecenoic(Z), este CsH360; 5,62

23 7,600 16-Octadecenoic, este CoH ;3604 1,65

24 7,900 Octadecanoic, este C9H;360; 0,99

25 9.508 10-nonadecenoic, este CypH;:05 0,12

26 10,958 7.10.13-eicosatrienoic, este C, H;50, 0,33

Bang 6. Cac thanh phidn hoa hoc clia ddu vi tao ho Botryococcus sp.
Tinh | Thanh phdn bay hoi | Axit béo Triglyxeri, Td:{?g lirgng Chi 56 axit, Chi 56 iot,
chdt | (chuyéu CiH.% | twdo, % % khoi dau/vi téo mgKOH/g g /100 g
khéi legmg khoi fwong kho, % khoi
luwong fwong
Giatn | 39,02 29,48 31,5 37,36 58,2 38,0

C6 thé thiy, diu vi tdo chia rat nhiéu axit béo tr do, triglyxerit va mét lugng 16n
hydrncacbun trong d6 hau hét 1a Cy7Hs6. Thanh phan ctia dau vi tao ho Botryococcus sp ma chiing
t6i xac dinh duge phi hop v{1 cac ket qua cua tac gia Dayananda (2010) [5]). Nghlen ciru nay la
tién d& cho cac nghién ciru tiép theo v& tdng hop biodiesel tir dau vi tao, con kha méi mé & nude ta.

4. KET LUAN

Pi khio sat cac loai dung mdi khac nhau cho qua trinh trich h dau tir sinh khm vi tao kho
ho Botryococcus. Két qua cho thay ching c6 anh hudng khac nhau Ién hiéu suit clia qua trinh
trich 1i ddu tao tir sinh khdi tdo. Cac dung méi hon hop thudng cho hiu qua tach cao hon nho
két hop duge kha ning tach d6ng thoi cac chat phan cuc va khc:ng phan cuc. Dung mdi hdn hop

n-hexan/etanol cho hidu qua tach cao nhét trong cac loai dung méi duge khao sat.
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Anh huéng cia nhiét df, thoi gian trich 1i va ti 18 thé tich n-hexan/etanol ciing da dugc
nghién ciru. Diéu kién t6i uvu cho qua trinh trich li dau tao tir sinh khéi tao 1a tai nhigt d6 60 °C,
thoi gian 10 gid trong dung méi #-hexan/etanol ¢6 ti 1§ 2/1 vé thé tich. Higu sut tach diu dat
durge 14 37,36 % so voi khdi lugng tao khd.

Bing phm:mg phiap GC-MS d4 xac dinh duogc thanh phan héa hoc ciia diu vi téo va thay
ring trong dau vi tdo c¢é mot lugng lon hydrocacbon va cac axit béo ty do. Him lugng

hydrocacbon 1én t&i khoang 30 %, rat thich hgp cho san xuét diesel sach tir ngudn hydrocacbon
nay.
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ABSTRACT

STUDY ON OIL EXTRACTION FROM MICROALGAE BIOMASS FOR BIODIESEL
SYNTHESIS

Nguyen Trung Thanh, Nguyen Dang Toan’, Dinh Thj Ngo
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This study examines the effects of various solvents, temperature, and reaction time on oil
extraction yield from microalgae Botryococcus sp biomass. Different solvents were used
separately or in combination such as n-hexane, n-heptane, toluene, ethanol, iso-propanol,

mixture of n-hexane/etanol and the mixture of n-heptane/iso-propanol. The results showed that

with different conditions, the extraction yield was varied and the highest yield (37.36 %) can

be

achived by using the solvent mixture of #-hexane/ethanol 2:1 (v/v) at temperature of 60 °C for

10 h.

Keywords: microalgae oil, biodiesel, extraction, biomass, renewable energy.
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