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ABSTRACT

Biodiesel, consisting of methy! esters of long chain fatty acids produced by transesterification
of vegetable oils or animal fats with methanol, is a promising alternative diesel fuel regarding the
environmental concerns and the limited recourses of fossil fuels. In this article, an
environmentally benign process for the Iransesterification of soybean oil to biodiesel using
Na,CO; loaded on y-Al,0; as a solid-base catalyst was developed. The catalyst loaded Na,CO, of
40 wt.% on y-AL,O;, after being calcined at 300°C for 4 h, was found to be the optimum catalyst,
which can give the best catalytic activity Jor this reaction. The effects of various reaction
variables such as the catalyst loading, oil to methanol ratio, reaction time and temperature on the
conversion of soybean oil were investigated. The catalysts were characterized by means of XRD,
TPD-NH; and SEM method. The results indicated that the catalysts consist two phases: the

- activity phase Na,CO; distributes in the pores of 7-AlLO;.

1- DAT VAN DE

Biodiesel 1a nhién licu than thién véi moi
truong, dugc the gidi quan tdm trong nhiéu nam
nay. O Viét Nam méi bat ddu nghién ciru téng
hop biodizel tir ddu thyc vat nhu: ddu nanh, ddu
dita..., va xdc tdc thudng sir dung xiic tic déng
thé bazo kiém [1]. Xiic tdc ndy cho hiéu su4t cao
nhung ¢6 nhuge di€m 13 c6 xu hudng tao nuéc
va xa phong trong hé¢, tao nhii twong lam tang
cédc bude xir 1y cudi ching.

D¢ han ché€ nhugc diém nay ching t6i di
nghién ciu ché tao dwoe xic tic di thé
Na,CO4/y-ALO,. Xiic tic niy vira tan dung dugc
tinh bazo cia Na,CO; lai tin dung dugc bé mat
rieng 16n cha y-AlO,, xic tic di thé ché tao
duge cho hi¢u sudt biodiesel gdn bing Na,CO,
nhung ¢6 wi diém hon so véi xiic tac bazo kiém
1a khong tao nudc, xa phong va nhii twong. Vi
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vay sin phdm dugc loc tdch dé dang, xic tic cé
thé téi sit dung nhiéu l4n vi vay han ché s6 ldn
XU Iy moi trudng.
II - THUC NGHIEM

1. Piéu ché xic tac

Phén nhoém cong nghiép dap nhd, can lugng
chinh x4c r6i hoa tan vio nude, cho thém 4 - 5
ml dung dich chat oxy héa H,0, dé oxy héa hét
tap chdt. Sau d6 két tia bang dung dich NaOH
25%, kh6ng ch€ pH = 7 - 8, nhiét d6 két tia tir
70 - 80°C, 1i€p tuc khudy trong vong 15 phit sau
khi keét tha. Loc két tha bing nudc néng & nhiét
do 70 - 85°C trén mdy hiit chan khong cho dén
khi hét ion SO,* bing cich thir trén dung dich
BaCl,. Dem két tia sdy & 120°C trong vong 4h
va dem nung két tiia & 480°C trong thdi gian 7h.

Tién hanh ngam tdm Na,CO, Ién y-ALO,



nhu sau: Can lugng can chinh xdc y-ALO,; va
Na,CO, theo ti 1& phin tram khdi lugng di dugc
dinh trudc, trén déu Na,CO, va y-Al O, sau dé
hoa tan hén hop nay béng nudce cit va dé kho tu
nhién qua dém. Sdy hén hop thu duge ¢ 120°C
trong vong 4 gio sau dé dem nung & 300°C trong
thoi gian 4 gid.

2. Xac dinh cac dac trung xidc tac

Phuong phip XRD dugc sit dung dé xdc
dinh cdc pha tinh thé cia miu xic tic. Cic miu
xdc tdc duge do trén mdy Bruker-Germany, sir
dung nguén bitc xa Cu-W, trén khodng géc quét
26 tir 10 — 70° véi budc nhay 0,03° & téc d6 quét
1,8%/phit.

Phuong phdp kinh hién vi dién tt quét SEM
duge xdc dinh trén may JMS-5410-Japan.

Phuong phdp giai hip NH, theo chuong
trinh nhiét d6 (TPD-NH,) dugc xdc dinh trén

may Micromeritics-USA.
3. Phan img téng hop biodiesel

Ldy 100 ml ddu nanh, 4 g xiic tac cho vao
binh phén ng, 14p so d6 phan ¢ng, gia nhiét vi
khudy tir tir dén 40°C. Pong 30 ml metanol cho
vio binh phan iing, duy tri nhiét d6 phan tng
khoang 60°C trong khoang thdvi gian 12 4 h. Hén
hop sau phén dng dé€ ling tich pha, triét tich 1dy
phdn nhe dem rira bing nudc cdt néng 3 1dn sau
d6 cho cht hiit 4m vao. Este nhan dwgc mang di
phan tich.

I - KET QUA VA THAO LUAN

1. Ché tao va nghién ciru dic trung xic tic

Hinh 1 chi ra cdc phéd XRD clha méu y-Al,0,
va cdc méu xiic tic Na,CO; mang irén y-Al,O; &
cdc nhiét d6 nung miu khic nhau.
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Hinh I: Phé XRD xue tic y-Al,O; chua hoat héa va d3 hoat héa Na,CO, nung & 300°C va 500°C

a- 40% Na,CO,/y-ALO; — nung 700°C
c- 40% Na,CO,/y-AL,0; ~ nung 300°C

Tir cdc két qua phé XRD cia cdc miu xdc
tic ¢6 nhiét d6 nung khic nhau & trén ta thiy
khi hoat héa y-AlL,O, bing Na,CO, va nung &
cdc nhiét do khic nhau, xic tic vin gilt nguyén
duoc céu tric cia y-AlL,O, Cic két qua phé
cling chi ra khi nung Na,CO, dén 700°C né vin
chua bi phan hity, diéu nay thé hién d6 bén nhiét
cha xdc tdc. Nhur vay tir cic két qua trén ching
td ching to6i di diéu ch& thanh cong xic tdc

b- 40% Na,CO;,f y-AlL O, —nung 500°C
d- y-ALO,

Na,CO,; mang trén y-Al,O-.

Phuong phdp gidi hip theo chuong trinh
nhiét d6 (TPD-NH;) di dugc thuc hién dé x4c
dinh s8 tam va lyc axit trén xdc tdc. C6 thé cic
tam axit ctia y-Al,O, s€ bi trung hda mot phédn
khi mang Na,CO; l1én dé. Vi viy ching t6i da
tién hanh do TPD ctia cdc miu y-ALO;, y-ALO,
hoat héa 3% Na,CO,, va 5% Na,CO, theo khoi
lwgng. Két qua duge dua ra & hinh 2.
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Hinh 2: D6 thi TPD-NH, clia cdc miu xiic tdc miu xic tic

a) Miu y-Al,O,

Tir két qua trén ta thdy miu y-ALO; c6 3
khodng giai hdp & nhiét do 199,3°C tng véi cic
tam axit y€u, 375,7°C ving v6i cdc tdm axit trung
binh va 488,7°C ing vdi tdm axit manh. Miu y-
Al O, hoat héa 3% Na,CO, c6 3 khoang gidi
hé&p ¢ nhiét do 209°C dng v6i tam axit yéu,
387,1°C ing v6i tAm axit trung binh va 492,1
ing voi tAm axit manh. Miu y-AlL,O, hoat héa
5% Na,CO; c6 3 khoang gidi hip & nhiét do
217,6°C tmg véi tam axit yéu, 389°C img véi
tam axit trung binh va 492,3°C g véi tam axit
manh. Trén co s& dién tich pic, ¢ thé két luan
ring mot phdn cdc tim axit cfia y-ALO, di bi
trung hoda bai Na,CO,,

Cic tam axit tr yéu dén manh déu bj trung
hoa, diéu nay din dén tdng s6 tam axit cia y-
ALO, bi gidm. Piéu nay s& dugc ching minh

b) Miu y-ALO, hoat héa 3% Na,CO,

Hinh 4: Anh SEM clia cic miu xiic tic

c) Mau y-Al,0, hoat héa 5% Na,CO,

khi nghién cdu hoat tinh cha xic tic & phédn
sau. Két qua su giam tdm axit clia cdc miu xidc
tac duge thé hién & hinh 3.

Luyng tim axit, %

Tam manh Tim yen
Tim axit mgnh vi y&u
8 +ALOy B 3%HaC0y fo-ALD, T 58N CO, /ALy

Hinh 3: Biéu dé biéu dién ti 1& cdc tam axit
trong xtc tic trude va sau khi hoat héa bing
Na,CO,

o '&“%&

(d) Méu y-ALO, (e) MAu y-AlLO; hoat héa 40% Na,CO, nung & 300°C
" (f) MAu y-Al,O, hoat héa 40% Na,CO; nung & 700°C
(g) Mau y-Al,O, hoat héa 60% Na,CO, nung & 300°C

Tir hinh anh SEM (hinh 4) ta thdy khi hoat
héa y-Al,0; bing Na;€0, véiti 1& dén 40% khéi
lugng thi Na,CO, phan b6 déu trén bé mit clia
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y-Al,O;, khong c6 hién tugng co cum cia
Na,CO; trén bé mat cia y-ALO,;. Nhung khi
lugng Na,CO, dua lén y-ALO; chi&m 60% kh6i



lugng (hinh 7 g) thi Na,CO, co cum thanh dam
16n din dén xiic tdc dé bi bong ra khi khudy tron
mé khong lam ting hiéu suit biodiesel. Nhu
vy, dua Na,CO, lén y-Al, O, theo ti 1¢ 40% khéi
luong 1a t6i vu.

2. Nghién citu tong hop biodiesel

a) Anh hudng ham lugng Na,CO, trong xic tdc
dén hiéu sudt biodiesel

Tir két qua & hinh 5 ta thdy néu chi c6 pha y-
Al O, hiéu sudt phan ting thap, chi dat 11%. Khi
dua Na,CO, 1én bé mat y-ALO, véi lugng nhd
hiéu sudt biodiesel giam ddn va dat cyc tidu
1,53% tai ham luong 3% Na,CO,. Néu tiép tuc
ting lugng Na,CO, hi¢u sudt biodiesel tang dén.
biéu nay dugc giai thich nhv sau: Phan g trao
ddi este ¢6 thé xdy ra khi xic tdc 1A axit, y-
ALO; ciing 12 mot axit ran cé tim Bronsted va
tam Lewis. Tuy nhién, dé thudng la cic tdm axit
yéu nén cho hiéu sudt tao biodiesel thip (11%).
Khi cho mot lugng nho Na,CO; (3%) vao y-
ALO, n6 trung hda mot phin cdc tam axit trén
xic tic y-ALO; (di chi ra trén phé TPD-NH;)
din dén xdc tic hdu nhu trd thanh mot chit tro.
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‘Hinh 5: Anh huémg ciia ham luong Na,CO,
trong xtc tic dén hiéu suit tao biodiesel

Khi dua thém lugng Na,CO, ién y-ALO,
hiéu sudt phan ng ting ddn do lic nay xic tic
tr¢ thanh xic tdc bazo, ma xic tic bazo cé hoat
tinh d&i véi phan tng trao déi este cao hon xic
tdc axit. Khi ting ddn lugng Na,CO; trén xiic tic
1-ALO; hiéu suit phan ing tang lén va dat cuc
dai 91,8% do lic ndy do bazo dat cao nhat. Vi
vy, chi nén dua vao 40% Na,CO; 1én y-ALO,.

b) Anh hudng nhiét d¢ phdn ing dén hiéu sudt
biodiesel

Ching t6i di st dung xic tic 40%

Na,CO,/y-AlL, 0, dé khio sit y&u 16 ddu tién anh
hudng dén hieu sudt biodiesel 12 nhiét 46 phan
g (hinh 6).

Khi nhiét do phan tng thdp chua di ning
lugng dé hoat héa phan ng. Khi ting nhiét do
hi¢u suft phan Wng tang lén va dat cyc dai &
60°C. Néu ti€p tuc ting nhiét do phan dng thi
hiéu sudt phan #ng gidm, do trong ddu cé cic
lién két doi nén & nhiét do cao, ¢6 thé cho ring
cdc lien két doi bi tring hop tao nhua dan dén
hi¢u sudt phan ing mong muén tao biodiesel
giam xufng.
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Hinh 6: Anh hudng nhiét d6 phan ing dén hieu
sudt tao biodiesel

Higu suit biodiesel,%

c) Anh hudng thoi gian phdn g dén hiéu sudt
biodiesel

Chiing t6i da c6 dinh nhiét d6 & 60°C dé
nghién cifu anh hudng thoi gian phan @ng dén
hi¢u suit biodiesel. K&t qua dwa ra (hinh 7) thoi
gian phan dng t6i wu 13 5 h. Néu thdi gian phan
ttng duéi 5 h, chua d0 thoi gian dé cdc chdt phan
img va xiic tic va cham, tiép xiic v6i nhau. Néu
thoi gian phin (ng kéo dai hon 5h, cé thé cho
rang da x4y ra phan tng tring hop hoac oxy hod
tao nhya 1am giam hiéu sudt phan ting.

d) Anh hudng ciia luong xic tdc dén hiéu sudt
biodiesel

Chiing t6i d3 c6 dinh nhiét d6 phan tng &
60°C, tién hanh phan ting trong 5h, d€ nghién
cttu dnh hudng cia ham luong xic tic dén hiéu
suit biodiesel (hinh 8).

Lugng xic tdc t6i wu 1a 4 g xiic tic/100 ml
dau nanh. Khi ding luong xdc tdc it hon 4 g thi
ddu chua bi chuygn h6a nhiéu nén hiéu suit
khéng cao, do thi€u tAm hoat tinh. Néu dung
nhiéu xidc tdc hiéu suat phan ing cling khong
tang do s§ tany bazo di bao hoda, mat khic lai
gay khdé khan cho qud trinh khudy tron.

13



100 ¢
80 L

60 -

40
20 -

Hiéu sudt biodiesel, %

3 4 5 6 7
Thét gian phan ing, h

Hinh 7: Anh hudng thai gian phan tng dén hiéu su4t tao biodiesel
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Hinh 8: Anh hudng ham lugng xuc tic dén hiéu su4t tao biodiesel

e) Anh hudng cia 1 1é mol metanol trén thé tich ddu dén hiéu sudt biodiesel
Chiing t0i da gilt nguyén cdc di€u kién t6i wu & trén nhw: nhiét do phan tng 60°C, thoi gian
phan iing 5 h, lugng xiic tdc 4 g, dé nghién citu nh hudng ti 1& mol metanol/du (hinh 9).
Theo phuong trinh phin g ti 1& mol metanol trén mol ddu 12 3:1 thi phan ng xay ra hoan
toan.
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Hinh 9: Anh huédng ti 1& mol metanol/ddu dén higu suft tao biodiesel

Nhung thyc t€ do phdn ing I& phin Wng phai din dén ting hiéu sust. Mat khic metanol
thuan nghich nén’khi sir dung luong rrgu cang  néu ding du nhiéu n6 s& tan vao pha san phdm
du nhiéu thi can bing cang dich chuyén sang chii y&u 12 biodiesel va glyxerin gay khé khin
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va t6n kém cho quéd trinh loc tdch sin phdm.
Chiing 161 dd khdo sit vi nhan thdy ti 1& mol
metanol/ddu t6i wu 14 7,5/1 Gng v6i thé tich
metanol/thé tich ddu 1a 3/10.

e) Anh hudng ctia nhiét dé6 nung xic tdc dén

hiéu sudt biodiesel

Chting t6i da ti€n hanh cdc phan tng & 60°C
trong thdi gian 5 h véi ti 1& mol metanol/ddu 1a
7.5/1 v lugng xic tic sit dung 4 g, dé khio sat
anh hudng nhiét d6 nung xic tic dén hiéu suit
diodiesel.

Qua d6 thi (hinh 10) ta thay nhiét d6 nung

100 -

cho higu suat biodiesel t6i wu 13 & 300°C. C6 thé
giai thich rdng khi hoa tan Na,CO, vio nudc do
trong khong khi ludn sin c6 khi CO, nén xay ra
phan ing:

* Na,CO, + €0, + H,0 <> 2 NaHCO,

- Trong khi d6, NaHCO, 1a mot tam xiic tic
yéu cho phan ing tao biodiesel [4] nén lam
giam manh hiéu sust tao biodiesel. Khi nang
nhiét d nung 1én trén 300°C thi NaHCO, bi
phan hiy thanh Na,CO, hoan nguyén hoat tinh
cho xiic tic nén hiéu suit tao biodiesel tang cao.
Néu ti€p tuc nang nhiét d6 nung lén nifa, hiéu
suft cia biodiesel hdu nhur khong tang, do di hét
NaHCO,. Vi vy, nhiét do t6i vu 1a 300°C.
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Hinh 10: Anh hudng nhiét d6 nung dén hiéu.sudt tao biodiesel

IV - KET LUAN

1. Diéu ch€ dugc y-AlO, tit phen nhom
cong nghiép va ché€ tao xiic tic Na,CO,fy-Al,0,
& didu kien:

- Ham luong tdm t6i wu Na,CO, 12 40% kh6i
lugng.

- Nhiét 46 nung t6i wu & 300°C.

2. Bing phuong phdp hién dai nhu XRD,
SEM, TPD-NH, da xdc dinh dugc cic dic trung
cia xiic tic. '

3. D3 téng hop dugc biodiesel hiéu suit
90,8% trén xuc tdc v6i diéu kién t6i wu sau:

- Nhi¢t d¢ phan ing 60°C.

- Thoi gian phan dng 5 h.

- Ti 1¢ mol metanol/ddu 7,5/1.

- Lugng xiic thc sit dung 4 g/100 ml ddu.
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