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ABSTRACT

Objective of the current work is to study an optimized protocol for the production of
biodiesel through alkaline-catalyzed transesterification of Castor oil. The reaction
variables used were methanol/oil molar ratio (4:1-8:1), catalyst concentration (0.25—
1.50%), temperature (40—65 °C) and reaction time (45-150 minutes). The biodiesel with
best yield was produced at methanol/oil molar ratio, 6:1; potassium hydroxide catalyst
concentration, 0.5%,; mixing intensity, 500 rpm (revolutions per minute), reaction
temperature, 60°C and reaction time, 120 minutes. The yield of the biodiesel produced
under optimal condition was 95.84%. The quality of the biodiesel produced was
evaluated by the determinations of important properties such as kinematic viscosity at
40C, gross heating value, acid value, copper strip corrosion value at 50 °C. However,
kinematic viscosity at 40°C of biodiesel from Castor oil (CastorBDF) is unsuitable in
pure state for its direct use as fuel in internal combustion engines. Thus, blends with
reference diesel have been prepared and evaluated. The results showed that kinematic
viscosity at 40°C of the blends of CastorFAME and reference diesel was satisfactory
according to ASTM D6751 (1.9-6.0 mm’/s) and EN 14214 (3.5-5.0 mm’/s).

Keywords: Biodiesel, Castor oil, CastorBDF
Title: Synthesis of biodiesel from Castor oil

TOM TAT

Muc tiéu cia nghién cieu la nham xdy dung mét quy trinh téi wu héa cho viéc san xudt
biodiesel tir dau thau dau thong qua phan img transester hoa véi xiic tac base. Phan img
duoc thuwe hién dwdi sw thay doi cac thong sé nhwe: ty 1é mol methanol: dau (4:1-8:1),
nong dg chat xuc tac (0.25-1.50%), nhi¢t do (40-60°C) va thoi gian phan ung (45-150
phit). Hiéu sudt cuc dai cua phan ung dat dwoc tai cac dzeu kién: ty lé mol
methanol:dau, 6:1; nong dg xiic tac potassium hydroxide, 0.5%; toc do khudy trén, 500
vong/phiit; nhiét dp phan img 60°C va thoi gian phan vmg, 120 phit. Hiéu sudt t6i wu dat
diege diedi nhitng diéu kién nay la 95.84%. Chat lwong ciia biodiesel dwge danh gid thong
qua cde dac tinh héa Iy quan trong nhir do nhot dong hoc ¢ 40 °C, nhiét heong tong, chi
6 acid, an mon ld dong ¢ 50 °C. Tuy nhién, do nhét dong hoc 0 40 °C cua diesel sinh hoc
tir ddu thau dau qua cao khéng phit hop dé sir dung true tiép cho déng co dot trong, vi
thé, sw pha tron biodiesel voi nhién li¢u diesel dwoc thuc hién va danh gid. Két qud cho
thd'y dé nhét dong hoc & 40 °C ciia hon hop biodiesel tir dau Thau dau va diesel théa mén
cde tiéu chuan ASTM D6751 (1.9-6.0 mm’/s) va EN 14214 (3.5-5.0 mm’/s).

Tir khéa: Diesel sinh hoc, ddu thiu diu, dau diesel sinh hoc tf;ng hop tiv dau thiu diu
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1 PAT VAN PE

Su can kiét ciia ngudn ddu moé trén thé gidi va tinh trang 6 nhiém méi truong da
dit ra cho toan nhan loai mot nhiém vu to 16n, mot nhiém vu chung cia cac qudc
gia, khong phéan biét giau ngheo, thé ché kinh té, chinh tri,... Nhiém vu d6 chinh la
viéc nghién ciru tim ra nguén nang luong mai thay thé cho nang lugng c6 ngudn
goc tir ddu mé. Trudce tinh hinh d6, nhién liéu sinh hoc (biofuel) ra doi nhu 1a mét
loai nhién liéu thay thé cho nhién liéu truyén théng.

Biodiesel (dau diesel sinh hoc) 1a thuat ngit dung dé chi loai nhién liéu dung cho
dong co diesel dugc san xut tr dau thuc vat hay m& dong vat, mot loai nhién liéu
duoc biét dén nhu 1a mot nhién liéu xanh, sach, c6 tinh chat hoa Iy twong tuy nhu
dau diesel. Thanh phan chinh cua biodiesel 1a cac alkyl ester, thong dung nhat 1a
methyl ester (Demirbas A., 2009).

Nguyén liéu dung dé san xuat biodiesel tily thudc vao diéu kién khi hau ciing nhu
nhitng ngudn nguyén liéu sdn c6 ciua dia phuong. Piéu d6 cho thiy tai sao
biodiesel tir rapeseed chlem phan 16n tai chau Au, biodiesel tir dau co dugc st
dung nhiéu tai cac nudc nam trong vang khi hau nhiét déi hay & My biodiesel
dugc san xuit tir nguon nguyén liéu chinh 1a diu dau nanh va m& dong vat.
(Mittelbach e al., 2004; Knothe ez al., 2005; Moser, B.R., 2009). Tuy nhién, trong
s0 nhiing ngudn nguyén liéu nay, co nhu'ng loai gia rat cao vi chung thudc loai co
thé dung lam thyc pham cho con nguoi. Nham tim hiéu loai nguyén liéu ¢6 ¢ dia
phuong, dau thau dau d3 duge chon va nghién cuu dé san xuat biodiesel.

Théu dau co tén khoa hoc 13 Ricinus communis L., cling dugc biét voi mot tén
khac ma nguoi Nam B0 hay goi la cay du du dau. Thau dau c6 ngudn gdc tir vung
Dong Phi, nhung ngay nay no da pho bién trén toan thé gidi. Loai cay do rat dé
thich nghi v6i méi truong song mai nén ta co thé tim thiy no & bat clr dau, tir cac
ving dét bi bo hoang cho dén cac bui ciy canh cong vién hay cac noi cong cong
khac. Cay thau dau duoc tr6ng béng hat vao thang 12, thu hoach vao thang 4-5.
MGéi hecta cho khoang 375-750 kg hat. Dau thau dau la chat 16ng khong mau hodc
mau vang, rat sanh, mui dic biét, vi kho chiu va gay budn nédn.

Cho dén nay, mot s nu6c da thanh cong trong viéc nghién ciru va budc dau dua
vao san xuat dau diesel sinh hoc tir dau thdu dau nhu Brazil, An D9,... Tuy nhién,
hau nhu chua c6 thong tin vé nghién ciru tong hop dau diesel sinh hoc tir ddu thau
dau tai Viét Nam.

Trong nghién ctru ndy, dau thau dau dugc sir dung 1am nguyén liéu cho tong hop
biodiesel bang phan g transester héa voi xuc tac base. Cac diéu kién phan tmg
nhdm dé thu duge hidu suét toi da da duge nghién ctru. Bén canh dé, hon hop
nhién liéu pha tron biodiesel/diesel dudi dang B5, B10 va B20 ciing dugc danh gia
thong qua mot s tinh chit vat Iy nhu d6 nhdt dong hoc tai 40°C, khdi lwong riéng
tai 15°C, nhiét lugng téng va an mon 1a déng.

2 VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Vit liéu

Hat thau dau duogc thu gom tir mot sé tinh ¢ ving dong bang song Ctru Long.
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Tét ca cac hoa chét duoc st dung la cac hoa chét tinh khiét thuong mai.
2.2 Phuong phap nghién ciru
2.2.1 Ly trich dau thau dau

20 gam hat thau dau duoc 1am kho dudi anh sang tu nhién va nghién, sau dé, duoc
cho vao mot tai gidy hinh tru (cylindrical filter paper) va ly trich Soxhlet v&i dung
moi hexan. Sau khi ly trich, hexan dugc tach ra khoi dau thiu dau bang hé thong
¢6 quay (Buchi Rotavapor R-205). Ham lugng dau trong hat thau dau 1a: 26.74%

2.2.2 Téng hop biodiesel tir dau hat Thau dau

Dau thau dau nguyén liéu sau khi ly trich c6 chi s6 acid thip (1.06 mg KOH/gam)
thich hop cho qua trinh tong hop biodiesel truc tiép bang phan tng transester hoa
v6i xtc tic base. Qua trinh thi nghiém dwoc tién hanh nhu sau: cin luong
methanol can thiét cho vao binh tam giac 250 mL rdi cho vao d6 xic tac base
(KOH) cén thiét dé tao dung dich KOH trong methanol. Dau dugc can va cho vao
binh phan tng, dat 1én may khudy tir, diéu chinh nhiét do can thiét. Sau dé, rot tir
tir dung dich KOH trong methanol vao binh phan tmg trén, khudy hén hop phin
mg va theo dbi qua trinh phan tng. Sau khi phan mg xong, hdn hop phan tmg
duge dé 6n dinh trong phéu chiét va tach 16p. San pham biodiesel duoc tinh ché
bang cach rira nhiéu 1an v6i nude 4m nham loai bo xuc tac, methanol va lam khan
bé'lng Na,SO,.

2.2.3 Phdn tich tinh chat héa Iy va thanh phan methyl ester

San pham biodiesel dugc phan tich thanh phan héa hoc bang sic ky khi ghép khoi
phé GC-MS tai phong thi nghiém Héa sinh thuéc B6 mon Hoa hoc, khoa Khoa
hoc Tu nhién — Dai hoc Can Tho

Bén canh d6, mot s chi tiéu hoa Iy (46 nhét dong hoc tai 40°C, nhiét [ugng téng,
dn mon 14 dong, khéi luong riéng tai 15°C) cua san pham B100 ciing nhu hdn hop
nhién liéu pha tron biodiesel/diesel dudi dang B5, B10 va B20 cling dugc phan
tich tai Trung tdm Phan tich thi nghiém CASE chi nhanh tai Cén Tho.

3 KET QUA VA THAO LUAN
3.1 Nhirng tinh chét héa Iy ciia dau thiu dau nguyén li¢u

Dau thau ddu sau khi ly trich dwoc tién hanh danh gia chét lugng théng qua mot s6
chi tiéu hoa ly co ban. Két qua dugec trinh bay trong Bang 1.
Bang 1: Tinh chit héa Iy ciia dAu nguyén liéu dé tdng hop biodiesel

Théng sb Diu thiu diu Diesel
Chi s6 acid, mg KOH/gam 1.06 -
D6 nhét dong hoc & 40°C (mm?/s) 165.10 3.152

Bang 1 cho thiy d6 nhét cia dau thau diu cao hon d6 nhdt cua dau diesel khoang
50 1an, c6 thé noi day la mot trong s6 dau thuc vat co do nhét cao nhit. Do do, qué
trinh chuyén ching thanh dang monoester c6 nhirng tinh chit trong tu dau diesel
14 cén thiét.
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3.2 Ciac yéu to6 anh hwong dén phan ting transester hoa xic tic base
3.2.1 Anh hwong cia ti 1é mol methanol:ddu

Ty 1& mol methanol:dau 14 mét trong nhitng yéu t6 quan trong nhét anh huéng dén
hiéu sudt phan tmg. Trong nghién ciru ndy mot loat cic thi nghiém da dugc thuc
hién véi ti 16 mol methanol:dau thay ddi tir 4:1 dén 8:1 va ¢b dinh cac yéu td con
lai nhu sau: nhiét do 1a 60°C, toc d6 khudy 500 vong/phut. Yéu té thoi gian duoc
¢b dinh 13 2 gid. Két qua dugc biéu didn bang db thi hinh 1.

100, 95 84 Theo d6 thi hinh 1, theo huéng ting
ty 1€ mol methanol:dau thi hiéu suét
cling tang. Khi ty 1¢ mol (6:1) thi
hiéu suat dat cao nhét, tuy nhién,
neu ty 1€ mol cao hon (6:1) thi hiéu
50 suat co khuynh huéng giam, didu
40 : : : : : . | ndy do methanol ¢c6 nhém OH phéan
3 4 5 6 ! § * | cyc dong vai tro nhu mot chat nhi
hoa, lam ting kha nang hoa tan cla
glycerol trong dung dich phan tng.

90 4

80

70 4

60 4

Higu suét, %

T§ 18 mol (methanol/dAu)

Hinh 1: Anh huéng ciia ty 1¢ mol methanol:diu
dén hiéu suat tong hop CastorBDF
Glycerol con lai trong dung dich phan tmg s& lam cho can bang chuyén dich theo
chiéu ngugc v6i hudng tao monoester, hidu suit s& giam.

3.2.2 Anh huong nhiét do

Khoang nhiét d6 ciia phan ung transester hoa twong d6i rong thuong tir nhiét do
phong dén gan nhiét do soi cuia alcohol & ap sudt khi quyén (Srivastava A, Prasad
R., 2000; Pramanik K., 2003). Trong nghién ctru nay alcohol dugc st dung la
methanol (nhiét d§ s6i ciia methanol 65°C), nén cac thi nghiém duoc tién hanh &
céc nhiét d6 khac nhau 40, 45, 50, 55, 60, 65°C véi viéc ¢ dinh cac yéu t6 nhu:
ndng d6 xuc tac KOH 0.5% (theo khéi lugng diu), ty 16 mol methanol:dau 14 6:1,
téc do khudy 500 vong/phut, thoi gian khoang tng 1a 2 gid. Két qua dugc biéu
dién bang d6 thi Hinh 2. Theo d6 thi trinh bay & Hinh 2, cho thdy higu suit cao
nhat dat tai 60°C.

Khi tang nhiét do hiéu sut phan
ung tao CastorBDF tang. Tuy
286 8394 o nhién_, nhiét do tang cao hon 60°C,
7949 4 ’ thi hi€u suat phan mg c6 khuynh
huéng giam, diéu nay c6 thé do
68.99 phan tng xa phong hoa dau xay ra
truéc khi hoan tit phan tng
N transeister’h(')a., Mat khac, nhiét do
Nhiét g, °C cao dan dén that thoat methanol lam

giam hi¢u suat.

100 4 95.84

90 4

80

Hiéu suit, %

70 4

60

Hinh 2: Anh hudng cia nhiét d dén hiéu suit téng
hgp CastorBDF
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3.2.3 Anh hwéng cua thoi gian

Truong Dai hoc Can Tho

Céac thi nghiém duoc tién hanh véi viéc cb dinh cac yéu t6 nhu: ty 18 mol
methanol:dau 13 6:1, nong d¢ xtc tic KOH 0.5% (theo khoi lugng dau), toc do
khudy 500 vong/phut, nhiét do & 60°C va thay doi yéu t6 thoi gian tir 45 phut dén

150 phut. Két qua dugc biéu thi hinh 3.

100
90

8075.95

Hiéu suat, %

79.,

9

95.84

80.30

72.14

60

80

100 120

Thoi gian, phit

140

160

Hinh 3: Anh hwéng ciia thoi gian dén hiéu suit

tong hop CastorBDF

Theo do thi hinh 3, hiéu suat dat
cao nhat ¢ thoi gian 120 phut, néu
thoi gian trude 120 phat phan ung
xdy ra khong hoan toan mau cta
biodiesel thu duge téi hon so véi
mau cua biodiesel thu dugc ¢ 120
phiit va ton tai nhiéu chat ban trong
biodiesel hon. Nguoc lai, néu thoi
gian dai hon 120 phat, lugng
biodiesel thu dugc c6 khuynh
hudng gidm.

3.2.4 Anh hwéng cia ham heong xiic tic KOH

Pé khao sat anh hudng cta xtc tic KOH, cac thi nghiém dugc tién hanh voi nong
d6 xuc tac KOH thay d6i tir 0.25 dén 1.5% (so véi khéi lugng dau) va cb dinh cac
yéu t6 con lai nhu sau: nhiét d6 60°C, téc do khudy 1a 500 vong/phut. Yéu té thoi
gian dugc ¢ dinh 14 120 phut, ti 1é mol methanol:dau 13 6:1.

100 4
90 81.
80

70

Hiéu suit, % .

60 4

50

95.84

0.2

0.4

0.6

0.8 1
Nong d9 KOH, %

1.2

Hinh 4: Anh huéng ciia %KOH dén higu suit tong

Toém lai

hgp CastorBDF

Két qua dugc biéu dién bang dd thi
hinh 4. Higu suat phan tng cao nhat
khi ham lwong xuc tac KOH la
0.5% (theo khdi lwong dau).

O nong d6 KOH nhoé hon 0.5%,
lwong KOH khong dd cho phan tng
hoan tat. Nguoc lai, khi ndng do
KOH 16n hon 0.5%, thi lam ting
lwong xa phong tao thanh, do doé
lam giam hi¢u suat thu san pham.

Viy diéu kién t&i uu cho phan tng transester hoa dé tong hop CastorBDF nhu sau:
Ham lugng xitic tic KOH
Ty 1€ mol methanol/dau

Nhiét d6 phan ung

Thoi gian
Hiéu suat

: 0.5% (so v6i khdi lwong dau)
:6:1

: 60°C
: 120 phut
: 95.84%

3.3 Nhirng tinh chét héa Iy ciia CastorBDF

Bang 2 trinh bay nhitng tinh chit hoa 1y cia CastorBDF c6 so sanh véi diesel.
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Bing 2: Nhiing tinh chit 1y héa ciia CastorBDF c6 so sanh véi diesel

Cac tiéu chuan

Céc tinh chit héa ly JIS EN ASTM CastorBDF  Diesel
Chi s6 acid, mg KOH/g <0.5 <0.5 <0.5 0.14 -
Nhiét lugng tong, MI/kg - - - 35.34 45.68
D nhét dong hoc & 40°C, 3550 3550 1.9-5.0 2076 3.152
mm-/s
An mon 14 dong ¢ 50°C la la

Chi sb acid cua CastorBDF dat duoc yéu cAu clia c4c tiéu chuén hién hanh.

Nhiét luong téng 12 mot trong nhitng dai lugng quan trong nhit dé xem xét mot
ngudn nguyeén liéu c6 dap ung duge nhu cau cho san xuat nhién liéu sinh hoc hay
khong. Nhiét lugng tong ciia CastorBDF thap hon nhiét lugng tong cia diesel
khoang 20%, diéu nay do su c6 mat cua nguyén tir O trong phan tir methyl ester.
Két qua nghién ctru an mon 1a dong duoc thyc hién tai nhiét do 50 trong 3 gid cho
thay ket qua nay van nam trong pham vi ti€u chuan ctia ASTM, JIS va EN.

bo phé‘t dong hoc tai 40°C cua CastorBDF 1a 20.76 mm?/s khong thoa dugc tiéu
chuan EN va JIS (3.5-5.0 mm?/s), hodc ASTM D6751 (1.9-6.0 mm?/s). Diéu nay
do lién ket hydro lién phén tir duge tao ra gilta cac phén tir ricinoleic acid methyl
ester, la thanh phan chu yéu cua CastorBDF. Vi vy, khong thé dung biodiesel
dang nguyén chat (B100) cho ddng co dot trong ma phai dung dang pha tron.

COOCH,

Hinh 5: Cong thirc cdu tao ciia Ricinoleic Acid methyl ester
3.4 Tinh chit ciia hdn hop nhién liéu pha tron biodiesel/diesel
Theo ASTM ti 1¢ pha tron theo phan trdm thé tich (biodiesel/diesel) toi da 1a 20%,
mot trong nhitng 1y do cho di€u nay la khi tang thé tich biodiesel thi d6 bén oxi
hoéa cua hon hgp nhién liéu s€ giam.
Trong nghién cfrg nay, biodiesel dugc pha tron dudi cac hinh thic BS, B10, B20
¢6 so sanh véi dau diesel (B0) va CastorBDF (B100). Mau dugc tién hanh phan
tich cac chi tiéu nhu: khoi lugng riéng tai 15°C, d6 nhét dong hoc tai 40°C, nhiét
luong tong va @n mon la dong tai 50°C. Ket qua thi nghiém chi tiét dugc trinh bay
0 Bang 3 va minh hoa bang cac do thi Hinh 6-8.
Khdi lugng riéng tai 15°C ctia hdn hop pha tron da giam nhiéu, cac dang pha tron
B5 va B10 da dat dugc yéu cau cua tiéu chuan EN590.
Do nhét dong boc tai 40°C VZ:I dn mon la déng cua tit ca cac dang pha tron déu
théa man yéu cau cua tiéu chuan EN590.
Bén canh do, kbéi lugng ri‘éng tai 15fC, do nhé‘g dong hoc tai 40°C cua hdn hop
pha tron giam dan thep chiéu\ tang thé tich cua dau diesel. Ngugc lai, nhiét luong
tong giam khi giam thé tich dau diesel.
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Bing 3: Nhiing tinh chit ciia hdn hgp nhién liéu pha tron biodiesel/diesel

Truong Dai hoc Can Tho

Cic tinh chit vat Iy

CastorBDF/ Diesel (% thé tich)

0/100 5/95 10/90 20/80 100/0

EN 590

Khbi lwong riéng tai 15°C, g/em’ 0.84 0.84 0.85 0.86 0.96 0.82-0.85

Do nhét dong hoc tai 40°C,

3.15 337 3.65 443 20.76 2.00-4.50

mm?/s
Nhiét lugng tong, MJ/kg 45.68 4520 4478 43.54 35.34
An mon 14 dong 6 50°C 1° la la la la
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Hinh 7: Sw thay di do nhét déng hoc tai 40°C ciia hdn hop pha tron

CastorBDF/Diesel
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40 -

35 A

Nhiét lwong téng (MJ/kg)

30 T T T T T T T T T )
0 10 20 30 40 50 60 70 80 90 100
Phén trim thé tich CastorBDF/Diesel (%)

Hinh 8: Su thay dbi nhiét lwgng téng ciia hdn hop pha trén
CastorBDF/Diesel

3.5 Thanh phan acid béo ciia CastorBDF

Thanh phan acid béo chinh ciia CastorBDF duoc phan tich bang sic ky khi ghép
khoi pho. Két qua phén tich thanh phan dugc tom tit trong bang 4.
Bing 4: Thanh phén acid béo chinh ciia CastorBDF, %

Tén acid CastorBDF" CastorBDF?)
Acid ricinoleic (C18:1 OH) 90.75 87.10
Acid linoleic (C18:2) 4.61 5.27
Acid eicosadienoic (C20:2) 4.65 -
Thanh phén khac - 7.63"

Y Nghién ctru nay; ¥ Laureano Canoira; * Palmitatic acid (C16:0): 1.25, stearic acid (C18:0): 1.31, oleic acid

(C18:1): 3.81
Thanh phan acid béo cua CastorBDF cha yéu 1a C18 dén C20. Trong d6, thanh
phan C18:1 ¢6 mot nhém OH chiém nhiéu nhét (90.75%), tiép dén la C20:2
(4.65%), con lai 1a C18:2 (4.61%). Két qua nghién clru nay ciing twong tu nhu
cong trinh cia tac gia Laureano Canoira, tuy nhién, c6 su khac nhau ciia mot s6
thanh phan ton tai dang lugng vét so véi biodiesel tong hop tir diu thau dau ciia
Viét Nam.

4 KET LUAN

P ly trich dwoc dau thau dau véi ham lwong 26.74% so véi khdi luong hat. Pa
téng hop dugc CastorBDF véi hidu sudt 95.84% & quy mo phong thi nghiém theo
quy trinh mot giai doan. Nhiéu dic tinh hoa ly cua san pham CastorBDF d3 dat
dugc yéu cau vé chat luong cia mot sd tiéu chuan hién hanh. Tuy nhién, do
ricinoleic methyl ester 1a thanh phan chinh cta CastorBDF nén su XUAt hién luc
lien két hydro lién phan tir lam cho d§ nhét dong hoc tai 40°C ting dang ké va
khong dat dugc yéu cAu cua bat ky loai ti€u chuan nao duge biét. Do vay, dé lam
gidam d6 nhét déng hoc tai 40°C budc phéi st dung dang pha tron. Két qua nghién
clru cho thiy tat ca cac dang pha tron déu c6 do nhét dong hoc tai 40°C thoa man
tat ca cac tiéu chuén hién hanh.
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