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Abstract

This paper presents the results of study on synthesis of biodiesel from microalgae oil typed Botryococcus by one-
stage reaction, with using acid catalysis system SO,*/ZrO,. The maximum yield of biodiesel was 94.5 % at the optimal
reaction conditions which have been established as follows: catalytic dosage of 3 % of oil, methanol.oil ratio of 2:1,
reaction temperature of 110 °C, reaction time of 180 mins. The chemical composition of obtained biodiesel was
analyzed by GC-MS, which showed the identified methyl esters of obtained biodiesel were original from fatty acid
radicals of microalgae oil. The physicochemical properties and specifications of synthetic biodiesel were compared with
the national standard parameters for B100 biodiesel. The synthetic biodiesel can be used to blend with mineral diesel to

create a diesel fuel.
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1. MO PAU

Trong céc cong b trude day [1, 2], da trinh
bay két qua tong hop thanh cong hai hé xlc tac
axit va bazo ran di thé c6 hoat tinh cao la SO,*
/ZrO, va Ca0/Si0,. Cac diéu kién tdi wu cho phan
tng chuyén hoa dau vi tao thanh biodiesel, bang
phan tmg hai giai doan su dung hé xuc tac axit -
bazo SO,”/ZrO, va Ca0/SiO, di dugc tim ra va
cong bd [3]. Phan tng hai giai doan c6 wu diém
rat 16n, 1a cé thé thuc hién duoc & nhiét d6 thap
(60 °C), cho hiéu suét tao biodiesel cao (94 %),
tuy nhién tong thoi gian phan tng van con kéo dai
(t6i 12 gio).

Nhu di biét, mot trong nhiing bién phap dé rat
ngin thoi gian chuyén héa dau vi tao thanh
biodiesel 1a st dung phwong phap téng hop mot
giai doan [4-6]. Dp dau vi tao ho botryococcus ¢
chi sb axit cao (58,2) [71, nén qué trinh chuyén
héa loai nguyén liéu nay thanh biodiesel theo
phuong phap mot giai doan khong thé st dung
xuc tac bazo, cOn néu st dung xuc tac axit ran,
vé6i diéu kién thuc hién phan ung ¢ nhiét do thip
(khoang nhiét d¢ soi cua metanol), twong ty nhu
qué trinh mot giai doan, thi thoi gian phan ung
thuong kéo dai véi hiéu suat khodng cao [8, 9].

Trong nghién cau nay, ching téi thuc hién
phan ng chuyén héa dau vi tao thanh biodiesel
bang phuong phap mot giai doan, st dung x(c tac
axit SO,%/Zr0O, & diéu kién nhiét d6 cao (110 °C,

lGc nay &p suat tu sinh khoang 5 atm). Cac diéu kién
khac cua phan tng, nhu muc su dung xdc téc, ti 1é
metanol/dau, téc d6 khudy duoc gitt nguyén nhu doi
VGi phan tng giai doan mot cia qué trinh téng hop
biodiesel bang phuwong phap hai giai doan da duoc
cong b [3].

2. VAT LIEU VA PHUONG PHAP

DAu vi tao ho Botryococcus st dung cho nghién ctu
c6 chi sb axit 1a 58,2 [7], dugc dua vao binh phan wng
kin c6 khudy tir, c6 bo gia nhiét va nhiét ké. Muc sir
dung xdc tac SO.Z/ZrO, 1a 3 % (so vai khdi lugng
dau). Metanol dwoc bd sung véi ti I& thé tich
(metanol/dau) 1a 2/1. Téc do khuay thich hop 500
vong/pht [3]. Phan émg duoc tién hanh & 110 °C trong
thoi gian tir 1,5 d&én 3,5 gio.

Sau khi két thic phan tng, ngung gia nhiét va
khudy, gan loc va thu sén pham Sau d6 cho hdn hop
san pham vao pheu chiét va tién hanh rira bang nudc
néng, cudi cung 1a siy kho ¢ 120 °C dé thu biodiesel.

Hiéu suat phan tmg dugc tinh theo cong thirc:

H = MyeX(Cume/Myie) X (3Mga/ Myzu) X100% [3].

Trong d6 muyg, Mg 12 khdi lugng san pham va khoi
luong nguyén liéu, gam; Cye 1a ham luong metyl este
¢6 trong san pham Mue, Mg, 12 khéi luong phan tir
trung binh cua metyl este va ciia dau; hé sé 3 dic trung
cho mdi phan tir glyxerit tao ra 3 phén tir metyl este.
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Thanh phan céc gdc axit béo co trong metyl
este trong san pham biodiesel dugc xac dinh bang
phuong phap GS-MS, may sic ky khi GC6890-
MS5898 cot mao quan HT-5MS, nhiét d6 detector
la 290 °C, téc do dong 1,5 ml/phat, khi mang Ia
heli (He), chat pha lo&ng la n-hexan. Chwong trinh
nhiét do tir 45 °C 1én 290 °C: giir nhiét do 45 °C
trong 5 phut, sau d6 ting nhiét do véi toc do 5
°/phiit dén nhiét d6 290 °C va giit & nhiét do nay
trong 10 phut. Cac chi tiéu ky thuat khac cua
biodiesel dugc xac dinh bing cac phwong phap
tiéu chuan hoa.

3. KET QUA VA THAO LUAN

3.1. Téng hep va dic trung tinh axit caa xuc
tac SO, /ZrO,

Nhu da biét, x(c tac st dung cho phan @ng
chuyén héa dau vi tao thanh biodiesel, can cé tinh
axit cao, dugc thé hién qua sé tm axit manh c6
trong xUc tac.

Gian do TPD-NH; cho thdy, trong xuc tac
S0,%/ZrO, ton tai hai dang tam axit, 1a cac tam
trung binh yéu va tam axit manh véi sé luong cao.
Cu thé, cac tam axit trung binh yéu c6 dinh giai
hap phu 1a 202,9 °C, giai phdng ra mot lugng NH;
I&n toi 54,8 cm?/g, con cac tdm axit manh co dinh
giai hap phu tai nhiét d6 506,9 °C va ciing c6 mot
luong NH; dang ké 1én t6i 11,5 cm®/g duoc giai
phong.

Tir c4c gié tri thé tich NH; va giai hap phu quy
chuan, c6 thé dinh luong dugc ting loai thm axit
c6 trong xuc t&c (bang 1).

Bang 1: S6 tAm axit cua xuc tac SO,%/ZrO,(g™)

Trung binh yéu 14,75x10%
Trung binh manh -
Manh 30,92x10"

Két qua bang 1 cho thdy, xtc tac SO,*/ZrO,
téng hop duoc c6 nhiéu tam axit manh, mang dic
trung ctia X(c tac siéu axit. Clng véi cac két qua
da cong bd [1], c6 thé khing dinh xlc tac
S0,%/Zr0, phu hop cho phan ung téng hop
biodiesel tir dau vi tiao ho Botryococcus bang
phuong phap mot giai doan.

3.2. Phan @ng chuyén hdéa dau vi tao thanh
biodiesel sir dung xuc tac siéu axit SO,*/ZrO, &
nhiét d cao

Két qua tién hanh phan @ng (bang 2) cho thay,

Nguyén Trung Thanh va céng s

bang cach nang nhiét d6 phan tng 1én 110 °C, thoi gian
phan ng khong nhimg dugc rut ngan xudng chi con 3
gio, ma san pham khéng phai qua phan ng ¢ giai doan
hai van dap Gmg duoc hiéu suat cao. Piéu nay co y
nghia quan trong, boi nho d6 ma tiét kiém nang luong
I6n so véi phan ung hai giai doan va con tang dugc
hiéu suat phan ung. Két qua ndy mg ra mot hudng
nghién ctu tiép tuc dé nang cao hiéu suat thu nhan
biodiesel.

TCD Signal (au)) vs. Time
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Peak Temperature at  Quantity (cm?/g Peak
Number Maximum (°C) STP) Concentration
(%)
1 202.9 54.84555 -12.65
2 506.9 11.49877 -9.36

Hinh 1: Gian dd TPD-NH; cua xuc tac SO,*/Zr0,

Bdng 2: Anh huong cia thoi gian phan ang
dén hiéu suat phan tng

Thoi gian phan tng (h) Hiéu suét (%)
1,5 78,6
2,0 84,2
2,5 89,5
3,0 94,5
3,5 94,5

3.3. Chi tiéu ky thuat ciia san pham
3.3.1. Thanh phan cua biodiesel tong hop duroc

Két qua phan tich thanh phan biodiesel (hinh 2 va
hinh 3) cho thay, trén pho GC-MS xuat hién cac pic cé
thoi gian luu dac trung cho cac metyl este cua cac loai
gbc axit béo trong thanh phan dau vi tao, nhu metyl
hexadecanoat (51,13 %), metyl 6,9,12-octadecatrienoat
(15,56 %), ... So sanh vai phd khdi chuan c6 thé thay,
do trang lap cua céc pic (mAu biodiesel tdng hop duoc
va mau chuan) dat 96-99 %. Diéu ndy ching to thanh
phan ciia metyl este thu dugc dung 1a metyl este ciia
cac gdc axit béo c6 trong dau vi tao.

Thanh phan cac axit béo trong san pham biodiesel
duogc trinh bay trén bang 3.
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Hinh 3: Séc ky d6 GC-MS caa metyl hexadecanoat trong biodiesel va mau chuan metyl hexadecanoat

Bang 3: Thanh phan céc axit béo trong san pham biodiesel

Tho(lpilzg luu S6C Tén goi Cong thuc hoa hoc Ham luqr(logA) ;uorng doi
5,200 C16:1 [|Palmitoleic Ci6H300, 4,35
5,383 C16:0 |Hexadecanoic CisH3,0, 51,13
6,017 C18:2 |3,6-octadecadienoic C,3H3,0, 0,05
6,467 C17:0 |14-methylhexadecanoic C,7H340, 0,14
7,200 C18:3 16,9,12-octadecatrienoic, este CisH300; 15,56
7,425 C18:2 |9,12-ctadecadienoic(Z,Z), este CisH3,0, 13,94
7,517 C18:1 |9-octadecenoic(Z), este C,3sH340, 9,69
7,600 C18:1 [16-Octadecenoic, este C,3sH340, 2,75
7,900 C18:1 |Octadecenoic, este C,3H340, 1,65
9,508 C19:1 |10-nonadecenoic, este C1oH360, 0,19
10,958 C20:3 |7,10,13-cicosatrienoic, este C,0H3,40, 0,55

Ham lugng cac axit béo no: 51,27 %; Ham lugng cac axit béo khong no: 48,73 %.
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3.3.2. Tinh chdt ciia biodiesel thu dwoc

Két qua phan tich tinh chat cua biodiesel
(bang 4) cho thay, cac tinh chat hoa ly va chi tiéu
ky thuat déu dap ung tiéu chuan cho biodiesel
B100 theo tiéu chuan ASTM 6751-12. Phan doan
biodiesel tong hop nay c6 thé sir dung dé pha ché
véi diesel khodng tao nhién liéu cho dong co
diesel.

Bang 4: So sanh tinh chét cua biodiesel vai tiéu
chuan cho biodiesel B100 theo ASTM 6751-12

Tiéu chuan
) Phuong | Biodiesel | biodiesel
Tinh chat phap | tir dau vi B100
thu tao  |[(ASTM6751-
12)
Ty trong tai
15.5°C D 1298 | 0,868
Nhiét do chop .
chéy (°C) D92 158 130 min
Do nhot dong
hoc (40 °C, | D 445 5,67 1,9-6,0
mm?/s)
Ham lugng
este (% khoi lllrllgl;d 96,8 96,5
lugng)
Nhiét do chay
o _ 2’3
(C)
Nhiét d6 van
duc (°C) D 2500 5,6
Chi cho xétan
theo phuong | J 313 55,2 47 min
phap tinh
Chi s axit (mg
KOH/g) D 664 0,15 0,50 max
Chisoiot(g | PrEN
,/100g) | 14111 | 28 | 120max
Nhiét tri
(ki/kg) D240 | 41,4
Ham luong |1 o5 | 199 500 max
nudc (mg/kg)
4. KET LUAN

1. Pa tong hop dugc xuc tac zirconi sunfat
hoa c6 d6 axit cao, do axit nay dugc xac dinh
bang phuong phap TPD-NHs.

2. biéu kién thich hogp cua phan ung tong hop
biodiesel mot giai doan, st dung xuc tac siéu axit

Lién hé: Nguyén Trung Thanh

Nguyén Trung Thanh va céng su

ran SO,%/ZrO,: nhiét d6 110 °C; thoi gian 3 gio; muc
str dung xdc tac 3 % tinh theo khéi lwong dau vi tao; ti
I& thé tich metanol/dau 1a 2/1; toc do khuay tron 500
vong/phat. Hiéu suat biodiesel thu dwoc dat 94,5 %.

3. San pham biodiesel chira metyl este cua cac goc
axit béo cd trong dau vi tao ho Botryococcus.

4. Céc tinh chat héa ly va chi tieu ky thuat cua
biodiesel téng hop duoc, dap ung céc tiéu chuan cho
biodiesel B100, c6 thé str dung dé pha tron véi diesel
khoang tao nhién li¢u cho dong co diesel.
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