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Abstract

This report covered a two-stage biodiesel synthesis process by using acid-base catalysts consisting of SO4*/ZrO,
and Ca(NOs),/SiO,. A micro-algal oil typed Botryococcus having a very high content of free fatty acids (FFAs) was
used as feedstock. In the first stage, a major amount of FFAs was converted to fatty acid methyl esters (FAMEs) on the
solid acid catalyst SO4*/ZrO,. The product of this process including FAMEs and triglycerides became the feedstock for
the second stage reactions; in which they was completely transesterified to FAMEs on a solid base catalyst
Ca(NO;),/Si0,. The conditions for the reactions were investigated to reach the optimum parameters for whole biodiesel

synthesis.
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1. MO DAU

Theo bai bao da cong bd trude day [1], ddi voi
dau vi tao ho Botryococcus c¢b chi s axit cao (58,2)
nén qué trinh chuyén hoa diu vi tao loai nay thanh
biodiesel c6 hi€u qua cao khi st dung qua trinh hai
giai doan voi sy két hop hai hé xuc tac axit va bazo
ran [7-9].

Trong hai bai bao trudc [10, 11], chung t6i da
nghién clru ché tao va dic trung hai hé xuc tac axit
va bazo ran di thé SO,*/ZrO, va Ca(NOs;),/SiO, (pha
hoat tinh dugc xac dinh la CaO/SiO, & cong trinh
nghién ciru trude day) co thé tng dung vao qua trinh
chuyén hoa nhimng loai dau c6 chi sé axit cao thanh
biodiesel [2-6], v6i cac dic tinh axit va bazo rat phu
hop cho timg loai phan tmg este hoa va trao dbi este.
Trong nghién curu nay, hai hé xuc tac trén duoc su
dung dé chuyén hoa dau vi tao ho Botryococcus
thanh biodiesel trong qua trinh phan ng hai giai
doan. Trong d6, giai doan 1 su dung hé¢ xuc tac axit
SO4*/Zr0, dé chuyén héa cac axit béo tu do thanh
metyl este, giai doan 2 si dung hé xuc tac bazo
Ca(NOs),/SiO, dé chuyén héa ndt céc triglyxerit co
trong dau vi tdo thanh cac metyl este - biodiesel. Cac
diéu kién phan tng theo d6 dugc tdi wu hoa dé co
thé ing dung cho ting qua trinh tong hop.

2. THUC NGHIEM

2.1. Phan ng giai doan mdt v6i nguyén lidu diu
vi tdo ho Botryococcus trén xuc tac S0,*/Zr0,

Dau vi tado ho Bofryococcus dugc phan tich
thanh phﬁn héa hoc trong mot bao cao khac [1], bao
gdm kha nhiéu hydrocacbon (duogc tach ra) nim
trong phén doan diesel ma chu yéu 1a heptadecan, c6
chi s6 axit la 58,2, dugc dua vao quy trinh phan tng
giai doan 1 nhdm ha chi s axit xudng gi6i han cho
phép (< 2). Xuc tac SO4*/Zr0O, véi ham luong tir 1
dén 4 % khéi luong (so voi diu) duge dua vao binh
clu ¢b khuéy tr, bép gia nhiét, nhiét ké va cac bd
phan can thiét. Metanol duoc dwa vao voi ty 1& thé
tich metanol/dau tr 0,5/1 dén 2,5/1. Phan ung dugc
thuc hién tir 50 d&én 70 °C trong thoi gian tir 2 dén 6
gid. Sau phan tng, hon hop duge dwa sang phéu
chiét, thu metanol & pha trén, pha dudi dugc rira voi
nudc nong 80 °C, sau d6 tach nude tai 120 °C, san
pham c6 chi s axit dam bao (< 2) sau d6 duoc dua
sang qua trinh trao ddi este trong giai doan 2. Chi s6
axit cua san phdm sau tach nudc duoc xac dinh dé
tinh toan hi¢u qua phan tng. Hi€u qua phan Ung
duoc xac dinh theo d6 giam chi s6 axit theo cong
thirc sau: H = 100x(ANy — AN;)/ANp; trong do: AN,
1a chi sb axit cta dau vi tao ban dﬁu, AN, 1a chi $6
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cia dau thu dwoc sau qua trinh chuyén hoa giai
doan 1.

2.2. Phan tng giai doan hai v6i nguyén liéu diu
vi tdo ho Botryococcus da qua phin wng giai
doan 1

Dau vi tao ho Botryococcus di qua phan tng
giai doan 1 dugc dua vao quy trinh phan Ung giai
doan 2 dé thu biodiesel. Xuc tac Ca(NO3),/SiO, ham
lugng tr 3-5 % tinh theo khdi lugng nguyén lidu
dugc dua vao binh phan tng hinh cau cé khudy ti,
gia nhiét, nhiét ké va cac bo phﬁn can thiét. Metanol
dugc dua vao voi ty 1€ mol metanol/dau 1a tir 4-12/1.
Nhiét d6 phan tng thay dbi tir 50-70 °C trong thoi
gian tir 4-8 gio. Sau phan ung, tit gia nhiét va may
khuay, lay san pham ra gan loc, thu hoi san phérn
Sau d6 dua hon hop san pham 1én phéu chlet va tién
hanh rira bang nuée nong, cudi cung 1a sdy kho tai
120 °C @& thu biodiesel. Hiéu sudt phan tmg duoc
tinh theo:

H = myexX(Cyve/Myig) X (Mgan/3mga,) <100 %

trong d6 myg, Mgz, - khdi lugng san phém va khéi
luong nguyén lidu, gam; Cyg - ham lugng metyl este
co trong san pham MwmEe, Maiu - khoi lwong phan tu
trung binh ctia metyl este va cua diu. Hé sb 3 xuit
hién trong phuong trinh vi mdi phan tir glyxerit tao
ra 3 phan tir metyl este.

3.KET QUA VA THAO LUAN
3.1. Phén ung giai doan 1
3.1.1. Mét 56 tinh chdt dau vao ciia nguyén liéu

Déu vi tao ho Botryococcus dugc trich ly tir vi
tao kho ho Botryococcus va dugc phan tich thanh
phan hoa hoc trong mot nghién ctru khac, két qua chi
ra ngoai cac hop phan chira cac gbc axit béo, dau
con chura ham luong 16n hydrocacbon, trong d6 chu
yéu 1a heptadecan. Sau qua trinh tach hydrocacbon,
chung t6i sir dung loai diu nay vao qué trinh tong
hop biodiesel hai giai doan. Mot s6 tinh chat cta dau
vi tao trude va sau phan g giai doan 1 da dugc xac
dinh va dua ra trong bang 1.

Trong bang 1, chi sb axit ciia dau vi tao 1én dén
58,2, tic 1a chiém t6i khoang 30 % khdi lugng, bét
budc phai chuyén luong axit béo ty do nay thanh cac
metyl este ma khong thé xtr 1y bang cach trung hoa
va tach luong xa phong tao thanh ra dugc do s& mat
mot luong rét 16n nguyén liéu. Sau phan ung giai
doan 1, chi sb axit s& giam xubng mirc phu ‘hop cho
qua trmh trao ddi este bang xuc tac kiém dé chuyén
toan b dau vi tao ho Botryococcus thanh biodiesel.

Nguyén Trung Thanh va cong su

Nghién ctru s& khao sat cac yéu t6 ciia phan tng

giai doan 1 nhu nhiét d9, thoi gian, ty 1€ thé tich

metanol/dau, toc d§ khuay va ham lugng xuc tac
S0,>/Z10,.

Bdng 1: Mt sb chi tiéu k¥ thuat cta dau vi tio ho
Botryococcus trudce va sau phan ung giai doan 1

i Dau vi

Dau tao

Phé vi tdo sau

STT | Cac chi tiéu P | trude | phan

thu X ,

phén | ung

ung giai

doan 1

1 Tytro?g’ls’S D 1298 | 0,91 | 0,9036
|2 | Piémchay (°C) | D87 | 52 [ 83 |
3 Chisoaxit | et | sg0 | ;9
_______________ (mg/g) | LT

D6 nhot tai 40
P lcest | D> |21 798 ]
5 Chi 56 xa D464 | 1982 | 1862
___________ phong (mg/g) | — | " T
£ pr EN
O | Chisoiot(gle) | gy | 70 | 392
7 Ham luong D95 | 123 | 123
___________ nuoc (mghkg) | 7 | T ] T
Tap chat co hoc EN

S ke | 12662 | 210 | 210
9 Mau - Xanh | Xanh
I R S ddm | dam
10 Mii : Dac | bac
trung | trung

3.1.2. Anh hieong ciia nhiét @6 phan img

~ Khao sat tim nhiét d6 thich hop cho phan ung
tong hop biodiesel. Két qua phan rng dugc thé hién
trén hinh 1.
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Hinh 1: Anh huéng ctia nhiét d6 phan tmg
t6i d6 giam chi s6 axit
Ty 1& thé tich metanol/dau = 2/1; tbc d6 khudy = 500
vong/phut, thoi gian phan tng 4 gio; ham lugng xtc tac 2
% khoi lwong dau; thay dbi nhiét do phan tng trong
khoang 50-70 °C
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Két qua khao sat qua dd thi cho thdy nhiét do
thich hop nhit cho phan tmg 1a 60 °C voi d6 giam
cua chi s6 axit 12 95,3 %. Dudi nhiét do nay, tbc do
phan tng giam nén do chuyén hoa cua cac axit béo
ty do s€ giam, con khi nhi¢t d6 ting quéa cao lam
metanol bay hoi manh liét, that thoat tac nhan phan
ung nén ciling lam giam hi¢u qua cuia qua trinh.

3.1.3. Anh hwéng ciia thoi gian phan img

Khéo sat anh huong cta thoi gian phan tng doi
vOl qua trinh tong hop biodiesel voi xuc tac
S0,*/Zr0,, két qua dugc thé hién trén hinh 2.

97
96
95
94
93
92
91

90
Thot gian phan ung.
gz 88.7 sanp §

Po giam chi so axit, %

2 3 4 5 6
Hinh 2: Anh hudng cua thoi gian phan tng toi do
giam chi s6 axit
(Ham lugng xuc tac 2 % khéi luong déu; ty 1¢ thé tich
metanol/diu = 2/1; nhiét d6 phan mg 60 °C; toc d6 khudy
500 vong/phut.
Thoi gian phan tmg thay ddi tir 2 gid dén 6 gio)

Nhu vy, thoi gian phan tng t6i wu dat dugc cho
qua trinh este hoa trong giai doan 1 1a 5 gio, vuot
quéa thoi gian nay d6 giam chi sb axit ciing chi ting
khong dang ké do ham luong xuc tac chua di 1on dé
tang toc cho phan tng nhanh chéng dat t6i trang thai
can bang; trong khi néu thoi gian thip hon 5 gio,
lugng axit béo ty do chua dugc chuyén hoéa hoan
toan.

3.1.4. Anh hwéng cia ham hrong xiic tdc

Khao sat anh huong ciia ham lugng xtc tac d6i
v6i qua trinh tong hop biodiesel giai doan 1, két qua
duogc thé hién trén hinh 3.

RO rang khi ham lugng xtc tac tang 1€n s€ lam
tang ty 1& xuc tac/nguyén liéu, din dén trong cing
mot thoi diém, xac suat va cham hiéu qua giita cac
tac nhan phan ng va cac tdm hoat tinh tang 1€n.

Diéu nay lam ting sb tuong tac trung gian gita
chat phan tmg va xuc tac dé lam giam nang luong
hoat hoa cua phan ung, dan dén ting téc d6 phan
tmg. Sau thoi gian t6i wu 5 gid, luong xuc tac thich

Nghién ciru tong hop biodiesel tir...

hop 1a 3 %, va cho du tang 1én 4 % thi do giam chi
s0 axit cung chi tang rat nhe. bé tang tlep gla tri do
glam chi so axit nay, chung toi tlep tuc cai tién yeu
t6 nong do metanol ban dau hay néi cach khéc I ti
1é metanol/dau.

97 96.3
96
95
94
93
92
91
90
29 8§9.2

88

Ham hrong xic tac (%)

D§ giam chi so axit, %

Hinh 3: Anh huong ctia ham lugng xtic tac
t61 do giam chi s6 axit
Ty 1€ thé tich metanol/dau = 2/1; Nhiét do phéan ing
60 °C; Tdc d6 khudy 500 vong/phit; Thoi gian phan tng
5 gid. Thay d6i ham lugng xuc tac tir 1 % dén 4 % khéi
luong dau vi tao

3.1.5. Anh hwéng ciia 1y 1¢ thé tich metanol/dau

Khao sat tim ty 18 thé tich metanol/dau t6i uu,
két qua phan ung dugc the hién trén hinh 4.

—_—
o
o

Z 9% 962 96.3
= 92.5

Z 90

£ 85 vk

; go 815

- 0.5 1 1.5 2 25

Hinh 4: Anh huéng cua ty 16 thé tich metanol/dau
t61 d6 giam chi s6 axit
Nhiét d6 phan tng 60 °C; Téc d6 khudy 500 vong/phut;
Thoi gian phan tmg 5 gio; Ham lugng xuc tac 3 % khdi
lwong dau. Ty 18 thé tich metanol/dau vi tao thay dbi
trong khoang 0,5+2,5

Ty 1& metanol/dau tang s& dan dén giam chi sb
axit do lam tang murc do tiép xiic gilta metanol, dau
va cac tam axit ctia xuc tac. Yéu tb nay gop phan
lam ting tdc d6 phan tmg chuyén hoa axit béo tu do
thanh metyl este. Cac khao sat cling chi ra viéc tang
ty 18 metanol/dau dén muc 2/1 theo thé tich 1 thich
hop cho phan tng tiém cn véi trang thai can bang.
Viéc ting ty 1¢ metanol/ddu hon nira 1a khong can
thiét do metanol s& bi du nhiéu, din dén ton nang
lugng dé thu hoi.
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3.1.6. Anh huéng cia toc @ khudy trén

Khéo sat anh hudng ciia tbc do khudy tron dén
hiéu suat tong hop biodiesel giai doan 1, két qua
phan tmg duoc thé hién trén hinh 5.

98 A
a7 1
a5
a5

96.7 96.7
96.2 96.7

£

Dy gisim chi 80 axit, %o
oy
Lk

94 -

92 1 i )

g1 ¢ 91.2 Toc d¢ khuay, vip

90 T T T T T
300 400 500 600 700 800

Hinh 5: Anh huong cua toc do khudy tron t6i
d6 giam chi sb axit
Ty 1& thé tich metanol/dau = 2/1; nhiét 6 phan tng 60 °C;
thoi gian phan tmg 5 gio; ham lugng xuc tac 3 % khdi
lwong dau. Thay doi toc do khudy tron trong khoang 300
vong/phut dén 600 vong/phut

Qua céac két qua khao sat c6 thé thdy, toc do
khudy tir 500-600 vong/phit cai thién nhanh chong
d6 chuyén hoéa céc axit béo tu do thong qua d6 giam
chi s6 axit (1&n t6i 96,2-96,7 %).

Néu tang toc d6 khudy Ién nita, d6 giam chi sd
axit cling khong tang dang ké, ma khuay trOn manh
s& tén nang luong, rat kho khin dé thyc hién trong
diéu kién phong thi nghiém. Do do, tbc do khudy
thich hop 1a 500 vong/phit. Vi do giam chi sb axit
nay, san pham sau khi tinh ché s& c6 chi sb axit 1a
1,92 (< 2) Theo cac nghién ciru trén thé gisi trong
linh vuc nay, véi chi s6 axit nhu vay hoan toan co
kha ning chuyén hoa tiép triglyxerit trong dau vi tao
thanh biodiesel trén hé xic tic bazo rin
Ca(NO;),/S10, ma khong s¢ bi xa phong hoa.

Dau vi tdo sau g1a1 doan thir nhat nay van c6 do
nhot rat cao 30,8 mm*/s (xem bang 1) do qua trinh
nay moi chi chuyén héa cac axit béo tw do thanh
biodiesel, con lai phan 16n triglyxerit chwa chuyén
hoa. Mudn dat yéu cau vé biodiesel thi dd nhét phai
dat tir 1,9 dén 6 mm?*/s, do do can phai tiép tuc dua
dau qua giai doan phan ung thir hai tién hanh quéa
trinh trao d6i este bang metanol trén xuc tic bazo
rin Ca(NO;),/SiO, dé chuyén héa hau hét cac
triglyxerit thanh metyl este.

3.2. Két qua chuyén héa giai doan 2 ciia dau vi
tao trén xuc tac Ca(NO;),/SiO,

Bing cac budc 1am va hudng giai thich twong tu
nhu trong giai doan 1, chiing t6i da khao sat va tim
ra dugc cac dicu kién toi uu cho qua trinh chuyén

Nguyén Trung Thanh va cong su

hoa dau vi tao thanh biodiesel. Cac két qua khao sat
the hién & cac hinh 6-10.

84
g2
S0
88
BE
84

82 ' Whist 4, °C
RO T T T T
L] 1 B0 B5 7O

Hicn s it tao biodiesel, o

Hinh 6: Db thi quan hé giita nhiét d6 phan ung va
hiéu suat phan tmg
Ty 1& mol metanol/dau = 8/1; lugng xuc tic = 4 % khoi
lwong dau; tbe d6 khudy = 400 vong/phut; thoi gian phan
{mg = 6 gio; thay ddi nhiét d6 phan g khoang 50-70 °C

%4

52
50

BB

BE

34 T T T T
4 5 & 7 8
Hinh 7: DB thi quan hé giita thoi gian phan g va
hiéu suét phan tmg
Ty 1é mol metanol/dau = 8/1; lugng xuc tac =4 % khdi
luong; nhiét d¢ phan ung = 60 °C; toc d6 khudy = 400
vong/phut; thoi gian phan Gmg thay doi tir 4-8 gio

Hién suiit biodiesel, %o

[r-1
=
1

93.6 93.62

[ =]
a
1

[r-1
=

90.1

o
[=]

Ham heong xic tic, %0

Hién st tao biodiesel, %
[ =]
=

=)
[r=)

3 3.5 4 4.5 5
Hinh 8: Db thi quan hé giita ham luong xuc tac va
hiéu suat phan tmg
Ty 1€ mol metanol/dau = 8/1; nhiét do phan tng = 60 °C;
toc do khudy = 400 vong/phut; thoi gian phan tng =
7 gioy; thay d6i ham lugng xiic tac tir 3-5 % -tinh theo %
khdi luong xuc tac trén khdi lugng vi tao

Tur cac khao sat va phan tich ¢ trén, ching t6i da
dua ra cac thong sd tdi wu cho qua trinh tong hop
biodiesel trong giai doan 2 cua phan Ung trong
bang 2.
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Hinh 9: D6 thi quan hé giira ty 1€ mol metanol/dau
Luong xtc tac, % khdi lugng so véi ddu = 4,5 %; nhiét do
phan tmg = 60 °C; téc do khudy = 400 vong/phut; thoi
gian phan tmg = 7 gio; ty 1& mol metanol/dau thay dbi
trong khoang 4/1 dén 12/1

[N =)
i
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E=1
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(V=)
[
1

Tée A3 khuay, véng/phit

liéns it tao bisdiesel, %o

LY =)
L=}

—_ 00 400 BOO R00
Hinh 10: D6 thi quan hé giita toc d6 khudy va higu
sudt phan tng
Ty 1& mol metanol/dau = 10/1; lugng xtc tac = 4,5 %
nhiét d6 phan tng = 60 °C; thoi gian phan img = 7 gio;
thay ddi toc d6 khudy tron trong khoang 200 vong/phut
dén 800 vong/phut

Bdng 2: Céc thong sb t6i wru cho qua trinh tong hop
biodiesel giai doan 2

Céc thong s cong nghé Gia tri tbi vu

Thoi gian phan ung (gio) 7
Ham ll’IQ’ng xUic tc bazo rin 4,5
(% khoi lugng)

Ty 1¢ mol metanol/dau 10/1
Téc do khudy tron (vong/phut) 500
Nhiét do phan Gng (°C) 60

Nhu vay, dé chuyén hoéa hoan toan dau vi tio
thanh biodiesel can thoi gian téng cong cho ca hai
giai doan 1 12 gio. Két qua nghién ciru trude day
ctia chinh tac gia cho biét, néu chi sir dung xuc tac
axit ran SO,*/ZrO, thi phai mat dén 22 gio méi co
thé dat dugc hiéu suit biodiesel tuong tu. Két qua da
khang dinh wu viét khi thyc hién phan ung hai giai
doan.

Nghién ciru tong hop biodiesel tir...

4. KET LUAN

1. Khao sat tim duoc cac diéu kién téi wu cho
phan tng tong hop biodiesel trong giai doan 1 — giai
doan gidm chi sb axit cua nguyén li€u, st dung hé
xuc tac siéu axit rin SO4*/Zr0,. Cac diéu kién phan
ung thich hgp nhu sau: Nhiét do 60 °C, thoi gian 5
gid, ham lugng xtic tic 3 % tinh theo khdi lwong dau
vi tao, ty 1& thé tich metanol/dau 1a 2/1 va toc do
khudy tron 500 vong/phut. Hidu qua ciia phan tng
duogc danh gia qua d6 giam chi sd axit. Sau phan ting
giai doan 1, chi sb axit giam tir 58,2 xuéng con 1,92
- hoan toan phu hop véi qué trinh phan ung trong
giai doan 2 sur dung hé xtc tdc bazo ma khong bi xa
phong hoa.

2. Khéo sat tim duoc cac diéu kién tdi wu cho
phan tmg tong hop biodiesel trong giai doan 2 — giai
doan chuyén hoa cac triglyxerit thanh cac metyl este
trén hé xtc tic bazo ran Ca(NO;),/SiO,. Cac diéu
kién thich hop cho giai doan nay nhu sau: Nhiét 6
60 °C, thoi gian phan (mg 7 gio, ham lugng xuc tac
4,5 % theo khdi lugng dau, ty 1¢ mol metanol/dau 1a
10/1 va téc @6 khudy tron 500 vong/phat. Hiéu suit
tao biodiesel cao nhat dat 94 %.
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