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ABSTRACT

In the presence of water, biodiesel can be produced from the reaction of
methanol with feedstock oil under subcritical condition without the need of
conventional catalysts such as potassium hydroxide and sulfuric acid. In this
study, in-situ transesterification under subcritical condition of methanol and
water was studied and compared with conventional catalyzed
transesterification method. Sludge was used as raw material. Experimental
results showed that fairly high biodiesel conversion rate (90.46%) could be
achieved in a reasonable reaction time of 6 hours at 200°C under subcritical
condition. The conversion rate reached 97.05% when sulfuric acid was used
as catalyst under the reaction condition of 55°C in 24 hours. Since no catalyst
was employed in the subcritical condition, the process was simpler and more
environmental friendly than traditional methods. In addition, the removal of
water was unnecessary since it had been employed as acatalyst under
subcritical condition. Therefore, in-situ transesterification under subcritical
condition is potentionally applied with low grade feedstocks with high FFA
and moisture content.

TOM TAT

Biodiesel c6 thé duwoc tong hop tir phan L}ng gitta methanol va chdt béo
trong nguyén_liéu dwdi sw hién dién cia nude trong diéu kién cdn t6i han
ma khéng can phai sw dung xuc tac nhu potassium hydroxide ‘hay acid
sulfuric. Trong nghién ciru nay phan ung chuyen héa ester tric tiép (in-situ
transesterifi catzon) trong diéu kién cdn tdi han sé dioc khdo sat va so sanh voi
phuong phap sit dung xiic tac thong thuwong. Bun thdi duwoc chon lam nguyén
liéu khdo sat. Két qua thi nghiém cho thdy hiéu sudt chuyén héa biodisel dat
dwoc kha cao (90,46 %) khi tién hanh phan g trong dieu kién cdn t6i han o
200°C va 6h. Két qua dat dwege khi si dung xiic tac acid sulfuric la 97,05 % o
diéu kién phan iing la 55°C trong 24h. Do phan iing duwoc thiee hién trong diéu
kién can t6i han, khéng can phai sw dung xic tac nén quy trinh tong hop rat
don gian va khéng gdy é nhiém moi truong so voi khi sir dung xic tac. Ngodi
ra, trong diéu kién cdn t6i han, mede dong vai tro nhu la xic tac nén viéc logi
trir nueoc trong nguyén liéu la khong can thiét. Phwong phap can toi than duoc
danh gza la mot phu"ong phap cé tiém ning ap dung cho cdc nguon nguyén
liéu chat lwong thap cé ham lwong acid béo va mirde cao.

Trich dan: Huynh Lién Huong, H6 Qudc Phong, Nguyén Thi Nhién va B3 Thi Hong Phuong, 2016. Téng
hop biodiesel tir bun thai trong diéu kién methanol-nudc cin téi han. Tap chi Khoa hoc Trudng
Dai hoc Can Tho. 43a: 109-115.
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1 GIOI THIEU

Cung véi su phat trién manh mé& cta khoa hoc
va k¥ thuat, nhan loai dang phai d6i mit vé6i sy can
kiét ngudn nhién liéu hoa thach va cac van dé vé 6
nhiém méi truong. Nhién liéu déng vai tro thiét
yéu trong doi sdng hang ngay, dic biét vo cung
quan trong trong linh vuc giao thong vén tai. Kinh
té cang phat trién thi nhu cu vé nhién liéu ngay
cang gia tang. Chinh vi vay vi€c khai thac va tim ra
ngudn nhién liéu moi la thiét yeu dé c6 thé dap ung
duogc nhu cau phat trién kinh t& xa hoi cua toan cau.
Nhién liéu sinh hoc, dic biét l1a biodiesel 1a mot
trong nhling tng vién quan trong da va dang thu
hat nhiéu sy quan tim cua cac nha khoa hoc trén
thé gidi.

Hién nay, phuong phap chii yéu sir dung trong
nganh cong nghiép san xuét biodiesel 14 transester
héa dau thue vat dudi sy xic tac cua base (NaOH,
KOH). Mot trong nhimg nhugc diém Ién cua
phuong phép trén 1a khong thé ap dung trén nhimng
nguyén liéu c6 ham luong acid beéo tu do va d6 am
cao. Ham lugng nudc va acid béo t6i da cho phép
trong mau nguyén liéu 1a 1 % va 0,5 % tuong tmg
khi thuc hién phan tmg voi xuc tac base. Xu thé
hién nay trong san xuat biodiesel 1a hudng dén sir
dung ngudn nguyén lidu tir vi tio, bun hoat tinh, vi
sinh vat, dau an da qua st dung... Tuy nhién, han
ché cua viée sir dung cac nguyén liéu trén 1a ham
luong nudce va acid béo tu do ban dau trong mau
kha cao. Viéc chuyén hoa tryc tiép sir dung xuc tac
base 1a khong thé va doi hoi phai ¢6 qua trinh tién
xtr Iy nhu sdy loai nudc, trung hoa acid béo ty do,
tong hop theo phuong phéap hai giai doan hoic thuc
hién phan g vai xic tac acid trong thoi gian dai
(12-24h).

Dé khic phuc han ché trén, cac xtc tac di thé da
duoc dua vao nghién ctru va st dung (Shu va ctv.,
2010; Zhang va ctv., 2010). Tuy nhién, nhugc diém
cua viéc st dung xuc tac di thé 1a hoat tinh cta xac
tac con thip do bi han ché vé bé mit tuong tac cua
chat xiic tic rén va cac thanh phan phan tng & pha
long (Tan va ctv., 2010).

Gan day nhit la viéc st dung phuong phap siéu
t6i han. Phuong phéap nay dugc danh gia 1a c6 thé
khac phuc duge cac nhuge diém cua phuong phap
truyén thong sir dung xtc tac. Trong diéu kién siéu
téi han, su chuyen hoéa biodiesel c6 thé dat trén 95
% chi trong vong vai phiit ma khéng can phai c6 su
hién dién cua bét ky chat xtc tac nao (Song va ctv.,
2008). Tuy nhién, dé dam bao cho phan tng xay ra
trong diéu kién siéu t6i han can phai tién hanh phan
ung O nhiét do va ap suat kha cao: 300-350 °C, 20—
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35 MPa (Anitescu va ctv., 2008; Ayhan va ctv.,
2009; Kasim va ctv., 2009; Varma va ctv., 2006).
Day chinh 13 han ché 16n nhit cua phuong phap
siéu toi han: chi phi cho xay dung thiét bi va chi
phi van hanh 1a kha cao. Viéc st dung thém chat
déng dung moi nhu hexane, CO,, toluene hoac
lugng nho xiic tac trén nén zirconia ciing chi lam
giam phan nao nhiét do va ap suit phan tmg (250-
280°C, 15-20 MPa) (Laosiripojana va ctv., 2010;
Trentin va ctv., 2011).

Nudc can t6i han dugc dinh nghia la nudc séi ¢
trang thai 16ng. K¥ thudt st dung nude cén tdi han
trong trich ly, thity phan hodc oxi hoa cac hop chat
hitu co da va dang thu hat nhiéu sy quan tim cua
cac nha khoa hoc boi tinh kinh t& va tinh méi
treong. Pic biét gén day nudc can téi han dugce st
dung trong cac phan ung vai vai tro nhu 1a xtc tac
acid- base, dién hinh 1a phan ung thiy phan va
chuyén hoa sinh khdi thanh cac hop chit quan
trong (Quitain va ctv., 2002). Dya trén co s& “nuoc
cdn toi han co kha nang xuc tac cdac phan ing
tuwong ty nhw xuc tdc acid va base”, nghién cuu s&
thir nghiém kha ning tin dung nudc c6 sin trong
nguyén liéu (d6 4m nguyén lidu) dé xuc tic cho
qué trinh tong hop biodiesel thong qua viéc dam
bao phan tng dugc trong diéu kién can t6i han cla
methanol va nudc. Thudt nglt “phuong phap cén
to1 han” s€ dugc dung cho phuong phap trén trong
toan bai. Bun thai tir cic nha may ché bién thuy san
sé duoc Iya chon 1am ngudn nguyén liéu cho qua
trinh tong hop biodiesel. Vi vdy, muc tiéu cua
nghién ctru s€ tap trung vao cac ndi dung co ban
sau: (i) khao sat, lya chon ngudn nguyén lidu bun
cho viéc tong hop biodiesel; (ii) So sanh phuong
phap can to1 han véi phuong phap sir dung xtc tac
truyén thong; (iii) phan tich danh gia tinh chat
biodiesel thu dugc tir hai phwong phap.

2 PHUONG TIEN VA PHUONG PHAP
THU'C NGHIEM

2.1 Nguyén li¢u va hoéa chat

Bun thai dugc thu thap tir cac nguén khac nhau
bao gdm: bun A tir cong ty c¢b phan thuy san Go
Dang, khu cong nghiép My Tho, tinh Tién Giang;
bun B tir cong ty Wilmar Agro Viét Nam, Can
Tho; bun C tir co s& san xuit bong bong ci tinh
Dong Thap.

Céc dung moi str dung cho trich ly va phan tich
dau ciing nhu tong hop biodiesel nhu hexane,
methanol duoc cung cip boi Merck. Mau FAME
37 thanh phin chuian dugc cung cdp boi Sigma
Aldrich, My.
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2.2 Chuén bi nguyén liéu

Bun sau khi thu thdp tir caic nha may thong
thuong chia khoang 85-90% nudc. Bun tho s€
dugc phoi néng dé loai bo nude. Bun sau khi phoi
kho s& dugc nghién nhé va siy trong ti sdy & 50°C
trong 24h. Bun sau khi sdy kho s& dugc luu trir
trong ti mat (4°C) dé bao quan trudc khi sir dung.

2.3 Phan tich va lya chon nguyén li¢u

Céc mau bun sau khi xir Iy s& duoc trich ly dé
thu chat béo bang phwong phap soxhlet. Dung moi
trich ly str dung 14 hexane. Chét béo thu dugc tir
qué trinh trich ly s& dugc loai sép va gum bang
phuong phép két tiia acetone. Ham lugng chat béo
va cac thanh phan co ban cua chit béo trung tinh
(acid béo tu do va cac glyceride) trong ting mau
bun s& dwoc phan tich va dinh luong bing sic ky
khi. M&u bun c6 chira ham luong va thanh phan
céc chit béo trung tinh cao nhét s& duge chon va st
dung cho nghién ctru tiép theo.

2.4 Tong hop biodiesel tir bun bang phwong
phap truyén théng sir dung xiic tac acid

Trude khi tién hanh phan ung tong hop
biodiesel, mau bun s& duge loai nuéce bang cach
siy ¢ 105°C trong 24h. Phan tng tong hop
biodiesel tr bun s& duge thuc hién & diéu kién tdi
wu theo nhu két qua nghién ctru cua Revellame vd
ctv. (2010). Két qua nay (hiéu sudt tong hop
biodiesel) s& duoc sir dung 1am chudn so sanh voi
phuong phap dé xuat. Phan Gmg s& duoc tién hanh
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0 55°C véi ti 1€ methanol:bun kho 1a 25 (mg/l),
nong ¢ acid 1a 4 % va thoi gian phan tmg 1a 24h.
Sau khi phan tmg két thiic, hdn hop s& duoc cho
vao phéu chiét. Hexane va nude (1:1, v/v) s& duge
cho vao dé trich ly long- 16ng. Biodiesel thu tir pha
dung méi & phia trén s& dugc rira lai bang nude dé
loai trr acid con du sau phan Gng va loai nudc
bang magie sulfat. Thanh phan ciia biodiesel thu
duogc s& duge xac dinh bang sic ky khi va sic ky
khi khdi phé.
2.5 Téng hop biodiesel tir bun trong diéu

kién cin téi han

Bun thé véi khdi luong nhat dinh dwoc tron véi
methanol va nudc theo ti 1€ xac dinh va cho vao
thiét bj phan tng. Thiét bi phan tng s& dwoc dong
kin va khi nito s& dugc cung cap dé dam bao moi
truong phan tmg ¢ trang thai can t6i han. Hé thong
s€ dugc gia nhiét dén nhiét do phan ung nhét dinh
va phan ung s€ dugc khao sat trong cac khoang
thoi gian khac nhau. Hinh 1 minh hoa mé hinh b6
tri cia hé thong phan tng.

Khi phan ung két thic, tién hanh giai nhiét
béng nudc lanh cho dén khi nhiét d6 cua hdn hop
dat nhiét dd phong. Hexane (50 ml) s€ dugc cho
vao hon hop san pham va khudy déu trong 15 phut.
Hon hop sau d6 s& duogc loc chan khong dé loai bo
phan bun rin khong phan tng. Dung dich thu dwoc
s& duoc ¢o quay va thanh phan san phim thu dugc
(biodiesel) s& dwoc phan tich bang sic ky khi.

AN
—
=
2
1
—

Hinh 1: Mé hinh mé ta thiét bi phan @ng: (1) ngudn cung cAp khi nito, (2) van, (3) binh phan ing, (4) hé
thong gia nhiét, (5) hé thong khuay tir, (6) van an toan ap suat (rupture disc), (P): ap ké, (T): nhiét ké

2.6 Phan tich thanh phén chét béo va san
pham biodiesel tong hop

Thanh phén cac chit béo trung tinh thu dwoc tir
cac mau dau bun sau khi d3 loai sap va gum ciing
nhu thanh phan hdn hop san phdm (biodiesel va
chit béo chua phan tng) va thanh phan mach
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carbon cua cac FAME trong san phém s¢ duoc
phan tich bang sic ky khi. Qua trinh phan tich
duoc thuc hién trén may sdc ky khi GC 2010,
Shimadzu, Nhat Ban. Cot su dung la DB5-HT
(15m x 0.32 mm i.d., 0.1 pm). Diéu kién nhiét cho
qua trinh phan tich la: cft duoc gia nhiét tir 80 °C
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1én 365°C véi toc do 15°C/phit va gitr ¢ 365°C
trong vong 5 phat. Nhiét do cua budng tiém va
buong do duoc cai d:cflt G 370°C. Cac chat dugc xac
dinh dua trén cac chat chuan.

3 KET QUA VA THAO LUAN

3.1 Phan tich va lya chon nguyén li¢u

Két qua phan tich ham lugng chat béo va thanh
phan co ban cuda chat béo trung tinh dugc trinh bay
trong Bang 1.

Tir két qua thu duge co thé thdy ring nguon

bun thai tr Cong ty ¢6 phan GO Pang la ngudn
cung cip chat béo tiém nang nhit v6i ham lugng

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 43 (2016): 109-115

chit béo tho dat 18,26 wt.% khdi lwong bun so voi
3,14 wt.% va 2,45 wt% chat béo thu dugc tir
ngudn bun cia cong ty Wilmar Agro va co s& san
xuét bong bong ca Thanh Loi. Ham lugng chét béo
cao trong bun thai tr Cong ty CP Go Pang duogc
giai thich 14 tir qua trinh tich lily cac loai md, chat
béo tir quéa trinh ché bién thuy hai san trong khi d6
& Cong ty Wilmar Argo, hau hét cac chat béo da
dugc ly trich triét dé trong qua trinh san xuit dau
an ciing nhu ¢ co s& san xuat bong bong c4, nudc
thai tr qua trinh xu Iy chu yéu dwoc thai ra moéi
truong bén ngoai va bong bong ca ciing 1a mot b
phan khong chira nhiéu chét béo.

Bang 1: Ham lugng chit béo trich ly va thanh phan co ban ciia chit béo trung tinh trong cac miu diu bun

Nguyén liéu

Thanh phan (wt.%) L CT Wilmar Agro CSSX bong bong ca

CT Go Dang Viét Nam Thanh Loi

Ham lugng diu 18,26 £ 0,79 3,14+ 0,09 2,45+0,10
Thanh phan chit béo trung tinh

FFA 85,08 54,14 43,07

MG 5,02 19,96 11,69

DG 6,31 22,15 37,35

TG 2,06 1,68 3,51

Thanh phan khac 1,54 2,08 4,39

Tién hanh phan tich sic ky khi clia ba mau dau
da dugc khir sap va gum thu dugc tir ba ngudn
khac nhau, két qua cac thanh phan dugc trinh bay
trong Bang 1. Co thé nhén thiy ring ca ba mau dau
thu dugce déu chira ham lugng acid béo tu do FFA
khé cao, trén 80 % tong cac thanh phan chit béo
trong truong hop cua Cong ty ché bién thuy san Go
Pang. Két qua trén hoan toan phu hop véi cac
nghién ctru trén thé giéi vé dic tinh khac biét nay
cua diu bun so véi cac loai dau dong thuc vat khac.
Didu nay co thé dugc giai thich dua trén thuyét
chuyén hoa chit béo trong bun sinh hoc/ bun hoat
tinh: “Cdc glyceride cé trong nude thai ban dau sé
dwoc cac vi sinh vat thuy phan thanh cac FFA
bang cdc enzym ngoai bao chi yéu la lipase”
(Dueholm va ctv., 2001; Hwu va ctv., 1998). Hon
nira, FFA ¢6 kha nang phan huy kém hon céac hop
chat hiru co khac nhu dudng hodc cac amino acid
c6 trong bun thai. Do do, cac acid béo tu do s&
dugc tich liiy va ham luong sé ting dan trong sudt
qua trinh xur ly nude thai (Chipasa va Medrzycka,
2008; Novak va Kraus, 1973; Pei va Gaudy, 1971).

3.2 So sanh danh gia phwong phap tong
hop biodiesel trong diéu kién cin téi han so voi
phwong phép truyén thong

Két qua thi nghiém cho thay khi thuc hién phan
ung trong diéu kién can téi han ham lugng FAME
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tang khi thoi gian phan Gng tang va ham lugng
FAME dat 90,46 % sau 6h phan ung va khoéng co
su hién dién cua céc acid béo tu do; chi c6 mdt
luong it cac glyceride chua chuyén hoa hoan toan
(Bang 2). Khi so sanh v6i phuong phap str dung
xuc tac acid HoSOy4 thi higu suét chuyen hoéa trong
diéu kién can t6i han chi thap hon rat it (90,46 va
97,05 %) va sau phan ung thi vin con mét lwong
nho cac glyceride chwa chuyén hoéa hoan toan. Tuy
nhién, néu nhin nhan mot cach téng quan thi c6 thé
danh gia rang phuong phap cén t6i han thé hién
nhiéu wu diém vuot troi hon so véi phuong phap su
dung acid. Cu thé: (i) thoi gian phan tng ngan hon
nhiéu (6 h so v6i 24h); (ii) san phim biodiesel thu
duoc sau phan tng khong phai qua giai doan phan
tach va rira loai bo xuc tac, vi vy co thé tiét kiém
duoc mdt lugng 16n thoi gian, lugng xuc tac su
dung ciing nhu han ché dugc hao phi do an mon
thiét bi va chi phi cho viéc tai st dung xuc tac va
xur Iy nude thai. (iii) biodiesel thu duoc khong chira
cac hop chat mang luu huynh S nhu khi thue hién
v6i xtic tic HoSO4 do d6 dap tmg duge yéu cu vé
du lugng luu huynh c6 trong biodiesel.

Méc du nhiét d0 phan ung cua phuong phap
can tdi han tuong ddi kha cao (200 °C, 3MPa) so
véi phuong phap xtc tac acid (55 °C), tuy nhién
diéu kién nay dwoc danh gia 1a ém diu hon so véi
phuong phap siéu téi han (300-350 °C; 20-35
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MPa) ma véan cho hiéu suit tong hop FAME tuong
ddi cao (90, 46 %) trong mot thoi gian hop 1y.
Hinh 2 minh hoa va so sanh quy trinh téng hop
FAME tir bun bang phuong phap cén téi han va
phuong phap xuc tac truyén thong.

Tir nhitng luan diém trén c6 thé két luén rang
phuong phap cén t6i han cho hiéu qua téng hop
biodiesel kha cao va s& hitu nhiéu wu diém vuot

380 khd + MeOH + H.SO,

la-gitu trangester héa
55oC, 24h

Héa hqp'sin phim
(FAME + diu chwez phin
tng +"P khéc+ bin rin

He=xare

Loc bd bin rin

1. Rtaloa xmic tic du
2. Thch pha thu san phim
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troi, than thién vaéi m01 truong so voi phwong phap
sir dung xuc tac truyén théng. Nhuoc diém cia
phuong phap nay la lvgng dung mdi str dung trong
phan rng kha cao (30 ml/g bun) va thoi gian phan
tmg dai hon so v6i phuong phap thong thuong.
Tuy nhién, nhin nhan mot cach tong quat thi day la
mit trong nhimg phuong phap tlem nang co thé
thay thé cho cac phuong phap truyén thong trong
tuong lai.

Biin kh3 — Me«OH

SCW n-calts transester hda
200 *C. 3 MPa 2-6h

Hia byp =in phia
(GAME + dlis chwa phin
ing —TP khic + biin rin

Hezane

r

Lc b3 biin riin

C3 quag lopi deng n3i

Biodicsd

b)

Hinh 2: So' d6 minh hoa cic giai doan tﬁng hop biodiesel (FAME) bﬁng phwong phap truyén th("ing (a)
va phwong phap cén téi han (b)
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Bang 2: Thanh ph?ln cuia biodiesel téng hop b::'mg phuong phap cén téi han va phwong phap truyén théng

Thanh phin biodiesel thu dwoc

Phuwong

. Diéu kién phan tng Thoi TP
phap gian(h) FAME FFA MG DG TG ..
200°C, 3 MPa 2 8739 nd 7,55 2,09 0,06 291
Cantéihan  MeOH: bun 1: 30 (ml/g) 4 8997 nd 735 222 0,06 040
6 9046 nd 722 216 005 0,11

Str dung xuc  55°C , 4 wt.% H,SO4
thc acid MeOH: bim = 25 (ml/g) 249705 nd  nd nd 2,95

nd: non- detected: khong phat hién ra

3.3 Thanh phin mach carbon biodiesel
thu duwgc

Thanh phin mach carbon cia biodiesel ’téng
hop tr hai phuong phap duge xac dinh bang sac ky
khi. Két qua duoc trinh bay trong Bang 3.

Két qua phan tich cdu tric mach carbon ciia cac
methyl ester trong mau biodiesel thu dugc cho thay
rang khong c6 su khac biét dang ké vé cau trac
mach carbon giita miu thu dugc tir phuong phép
can toi han va tor phuong phap xuc tac acid. Co 5
loai FAME duoc xac dinh trong d6 chu yéu la cac
FAME cua acid palmitic (C16:0; 44,48 - 45,35 %),

acid stearic (C18:0; 36,27 - 37,75%). Cac FAME
con lai bao g6m FAME cua acid oleic, elaidic va
myristic voi ham lugng twong ung 1a 6,80 — 6,95%;
5,15 - 5,29%. Ngoai ra, FAME cua acid lauric cling
hién dién trong mau cing voi cac thanh phan khac
& murc d6 vi lugng (< 1%). Két qua nay hoan toan
pht hop véi cac két qua twong tyr nhu cuia Huynh
va ctv. (2012): day chinh 1a cic acid béo chu yéu
dugc tim thdy trong dau dong thuc vat; cic chat
béo trén sau khi thai ra s& dugc hép thy, tich trir
trong bun va s& dwoc chuyén hoa thong qua cac
qué trinh chuyén héa sinh hoc cua cac vi khuin
trong qua trinh xtr ly.

Bang 3: Thanh phin mach carbon ciia biodiesel tong hop bing phwong phap cin téi han va phwong

phap truyén théng

. A Phwong phap
Thanh phan Can t6i han Xuc tac acid H2SO4
Lauric acid methyl este (C12:0) 0,13 +0,02 0,15 +0,02
Myristic acid methyl ester (C14:0) 5,15+0,24 5,71 £0,40
Palmitic acid methyl ester (C16:0) 44,48 + 0,44 45, 35+ 0,62
Stearic acid methyl ester (C18:0) 37,75 £ 0,84 36,27 £ 1,05
Oleic acid methyl ester (C18:1 cis) 6,80+ 0,04 6,95+ 0,01
Elaidic acid methyl ester (C18:1 trans) 5,29 £ 0,04 5,15+0,01
Théanh phan khac 0,40 + 0,01 0,42 +0,01

Su hién dién cua cac FAME dan xuét tir cac
acid béo no véi ti 1¢ kha cao (khoang 88 %) cho
thdy biodiesel tong hop tir bun s& c6 d bén oxy
hoa cao va do nhét twong ty nhu biodiesel tong
hop tir cac loai dau thyc vat khac nhu ddu nanh. Tur
d6 co thé két luan dau bun 1a mot trong nhing
ngudn nguyén liéu tiém ning cho tong hop va san
suat biodiesel trong tuong lai.

4 KET LUAN

Téng hop biodiesel bang phuong phap cén toi
han cho phép chuyen hoa truc tiép chat béo trong
nguyén liéu ma khong can phai trai qua cong doan
trich ly, khong can phai sir dung xuc tac ciing nhu
khong phai dam bao cac yéu cau khit khe vé ham
lugng nudc va acid béo ty do trong nguyén liéu
ban dau. Ngoai ra, phuong phap nay ciing thé hién
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tinh wu viét so voi phuorng phap Xuc tac truyen
thong & tinh don gian, khong can phai tral qua
cong doan rira va tach san phiam nhung van cho
hiu suit chuyén hoa kha cao (trén 90 %) va dam
bao chat luong cua biodiesel thu duge. Mot cach
tong quat co thé ket luan rang day la phuong phap
tiém nang c6 thé trlen khai va thay thé cho phuong
phap xuc tac truyén thdng trong tuong lai.
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