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ABSTRACT

The present work examines the production of biodiesel from non-edible,
highly acidic rubber seed oil. For this purpose, a two step procedure was
employed including an acid-catalyzed pretreatment of rubber seed oil
(AV = 61.55 mg KOH/g) followed by a transesterification procedure with
methanol and potassium methoxide as a catalyst. The optimum reaction
conditions were obtained by using response surface methodology (RSM)
coupled with central composite design (CCD). The results showed that an
optimum biodiesel yield of 74% could be obtained under the following
reaction conditions: methanol content of 29.86% (by weight with respect
to the oil), catalyst concentration of 0.69% (by weight with respect to the
oil), and the reaction time of 150 minutes.

TOM TAT

Nghién citu nay hidng dén tong hop biodiesel tir mét logi dau khéng dan
dwoc la dau hat cao su. Pé dat dwoc muc tiéu nay, mot qua trinh hai giai
doan gom ester héa xic tic acid va tiép theo la transester héa véi
methanol xuc tac KOH da dwoc sir dung ae téng hop biodiesel tir dau hat
cao su (AV = 61.55 mg KOH/g). Piéu kién t6i wu ciia phdan ung dat duoc
bang cach sir dung phwong phap bé mat dap img (RSM) két hop véi mé
hinh tam phirc hop (CCD). Két qua cho thdy qud trinh transester héa dat
dwoc hiéu suat 10i wu la 74% tuwong wng voi cdc diéu kién sau: ham lwong
methanol va chdt xic tac lan leot la 29.86% va 0.69% so véi khoi lwong
ddu va thoi gian phan iing la 150 phiit.

1 PAT VAN BE

Trong sO cac nguon nang luong san Xuét tir

Bén canh cac dang nang luong nhu nang luong
mat troi, nang lugng gié va dia nhi¢t thi nang
lwong tir cac ngudn biomass nhu methane, ethanol
va biodiesel dugc quan tim nhiéu nhit vi chung
dong vai tro nhu mot dang niang lwong xanh dé lam
giam nguy co 4m 1én toan cau (Le Tu Thanh va
ctv., 2012).
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biomass thi biodiesel dugc quan tim nhiéu nhat vi
qué trinh téng hop nhanh va don gian hon so véi
viéc san xudt ethanol va methane. Biodiesel co
nhiéu vu diém hon so vdi diesel c6 ngudn gde dau
héa nhu dé& phan hiy sinh hoc, khong doc va than
thién véi moi truong.
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Cay cao su (Hevea brasiliensis) c6 nguon gbc
tr vung rumg nhiét d6i Amazon (Brazil). Ngay nay,
cdy cao su hién dién & nhiéu noi trén thé gidi, trong
d6, nhidu nhat 13 ving Péng Nam A va mot sb
vung c6 khi hdu nhiét déi & Phi Chau. Ham luong
dau c6 trong hat tuy thudc vao ving khi hau, thod
nhudng cia timg noi ma chung sdng, tuy nhién,
trung binh hat chira khoang 40% dau (Hilditch T.
P, 1951). Theo tap doan cao su Viét Nam, nudc ta
hién c6 hon 500.000 hecta dién tich trdng cdy cao
su. Néu tinh ca dién tich dit ma tap doan nay thué
cho viéc trong cdy cao su tai Lao va Campuchia thi
tong dién tich trong ciy cao su c6 thé hon mdt triéu
hecta, twong tmg mdi nim tap doan nay c6 thé co
17.600-330.000 tan dau hat cao su.

Qué trinh transester hoa téng hop biodiesel hau
hét duoc thuc hién trén co s& thay ddi mot yéu td
va ¢b dinh céc yéu t6 con lai. Tuy nhién, cach tiép
can nay boc 10 nhiéu han ché boi vi phan ung
transester hoa bi anh huéng boi nhidu yéu t6 nhu
ham luong methanol, thoi gian phan Gtng va xuc tac
(Xingzhong Yuan va ctv., 2008). M6t giai phap cho
van dé nay 1a sir dung phuong phiap RSM ket hop
v6i mo hinh CCD dé t6i wu héa qua trinh tong hop
(Silva va ctv., 2006; Jeong va ctv., 2009; Vicente
va ctv., 1998; Shaw va ctv., 2003; Huong L.T.T.,
2011).

Trong nghién ctru nay, cac thi nghiém dugc
thuc hién theo mo6 hinh CCD va RSM véi nam murc
va ba yéu t6 dé t6i wu hoa qua trinh transester hoa
téng hop biodiesel tur du hat cao su, mot loai dau
khong dung lam thyc pham.

2 PHUONG PHAP NGHIEN CUU
2.1 Vitli¢u

DAu hat cao su duogc mua tr khu cong nghiép
Bién Hoa, Déng Nai. DAu hat cao su ¢4 mau niu
sam, d6 nhét dong hoc & 40°C 1a 31.53 mm?/s, chi
s6 acid khoang 61.55 mg KOH/g.

’Tét ca cég héa chit duoc st C!l_mg la cac hoa
chat tinh khiét thuwong mai c6 xuat xir Birc hodc
Trung Qudc.

2.2 Phwong phap nghién ctru

2.2.1 Ester hoa xuc tac acid

Giai doan nay, cac diéu kién phan tung duoc cb
dinh nhu sau: nhiét d¢ 65°C, thoi gian phan tng 1a
3 gid, phan trim thé tich methanol so v6i dau 1a
60%, phﬁn tram khoi luong acid sulfuric so voi dau
1a 1%, toc d6 khudy 1a 600 vong/phut va khoi
luong dau hat cao su (AV = 61.55 mg KOH/g) &
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mdi thi nghiém dwoc dung khong doi 1a 100g.
2.2.2  Transester hoa xiic tdac base

Trong giai doan transester hoa, khdi luong cua
dau hat cao su thu dugc sau giai doan ester hoa &
mdi thi nghiém dwoc ding khong déi 1a 100g, khdi
luong methanol tir 13.18 dén 46.82% (tinh theo
khéi luwgng dau), ham lwong xuc tic thay do6i tir
0.16 dén 1.84% (tinh theo khdi lugng dau), thoi
gian khao sat tir 69.55 dén 170.45 phat. Xic tac
KOH hoa tan trong methanol bang may khudy tir
trude khi cho vao binh phan tng chira hon hop dau
va acetone (lugng acetone dugc lay khong doi 1a
10% so v6i khéi luong dau) tai nhiét d6 phong.

Hdn hop sau phan tng dugce dé én dinh trong
ph&u chiét va tach 16p. Tach lay 16p trén, cho thém
petroleum ether vao lic manh, sau d6 cho tiép mot
lugng vira du methanol vao. Luc nay biodiesel sé
tan trong methanol, con dau thira s& tan trong
petroleum ether. Tach 1y phan tan trong methanol
thu dugc biodiesel. Rira hon hop véi 30% thé tich
nude am khoang 60°C va lam khan bang cach dun
110°C khoang 20 phut. Can san phdm va xéac dinh
hiéu suat phan ting.

Dua vao két qua phan tich thanh phan tinh dwgc

— M,m, ,

M rppr :M trong d6, M;: khoi lugng phéin
mi

tu trung binh cua hén hop methyl ester; m;: phan
trdm khoi luong methyl ester. Tur do, tinh dugc
hi€u suat tong hgp biodiesel. Hi€u suat phan tGng
(ki hiéu Hgrgpr) dugc tinh theo cong thuc sau:

HRBI)F thloo , voéi m LT =M RBDF x%déu.
LT
(RBDF: biodiesel tong hop tir dau hat cao su)
2.2.3  Xac dinh do nhét dong hoc tai 40°C va

chi 5o acid

D06 nhét dong hoc (mm?/s) duoc xac dinh &
40°C bang cach do thoi gian dé mot thé tich chét
long xac dinh chay qua m¢t mao quéan thay tinh
dudi tac dung cua trong luc. Trong nghién curu nay,
thiét bi do do nhot Viscosity Measuring  unit
ViscoClock (Schott Instrument) c¢6 ché do tu dong
hién thi thoi gian dwoc st dung dé xac dinh do
nhét dong hoc cua dau hat cao su cling nhu
biodiesel diéu ché tir dau hat cao su (RBDF). Bo
nhot dong hoc 1a Kkét qua tinh dugc tir thoi gian
chay va hang sb tuong mg ciia nhdt ké Ostwald.

Chi sé acid cua dau nguyén lidu ciing nhu

biodiesel duge xac dinh bang phwong phap chuan
d¢ thé tich.
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2.2.4  Xdc dinh thanh phan hon hop methyl ester

Thanh phin methyl ester ciia acid béo dugc
phan tich bang GC/MS (Thermo scientific), voi cot
TG-SQC GC (15mx0.25mmx0.25um). He duogc st
dung 1am khi mang véi téc do dong 1.2 mL/min.
Chuong trinh nhiét d¢ nhu sau: Nhiét o déu 60°C,
téc do gia nhiét 10°C/min dén 260°C va giit 1 phut.
Thanh phéan acid béo dugc xac dinh thong qua cac
dinh ctia phd db twong tmg voi khéi lugng phan tir
¢6 trong dir lidu di kém véi hé thong GC/MS.

2.2.5 Cadc bucc thuc hién bai toan quy hoach
theo RSM két hop véi mé hinh CCD

Luwa chon nhan t6 doc 1ap anh hwéng dén
ham muc tiéu Y (hiéu suat tong hop biodiesel)
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Phan trim khéi lugng methanol so véi dau
(X1), Phan tram khéi lwong xiic tac so v6i dau (Xz)
va thoi gian phan tng (X3).

S6 thi nghiém

S6 thi nghiém N= 2% + 2k + 6 (N = 20 v6i
k =3). Trong do, k 1a s6 bién s6 doc 1ap va 2k sb thi
nghiém b sung tai diém sao. Khoang cach tir tim
dén diém sao a = 2% (o = 1,68 voi k =3). Tat ca
cac nghién ctru dugc thyc hién & nam muc (-a, -1,
0, +1, +@). Nhu vy, trong nghién ctru nay 20 thi
nghiém s& dugc thyc hién véi 2° s6 thi nghiém cua
quy hoach toan phan 6 thi nghiém 1ap lai tai tdm
dé danh gi4 sai s6 va 6 thi nghiém bd sung tai diém
sao ndm céch vi tri tim thuc nghiém mot khoang +¢.

Béng 1: Xac dinh giéi han pham vi va mirc bién déi cia cac nhan to

RBDF

Bién thue

Mirc nghién ctru

Bién ma hoa Pon vi

-1,68(—2) -1 0 +1 +1,68(+q)
Ham lugng methanol/dau Xi % 13.18 20 30 40 46.82
Ham lugng xtc tac/dau X2 % 0.16 05 1 1.5 1.84
Thoi gian phan tng X3 phut 69 55 90 120 150 170.45

Trong nghién ctru nay, mién khao sat nhu sau:
ham luong methanol/dau (13.18-46.82), ham
lugng xtc tac/dau (0.16—-1.84) va thoi gian phan
ung (69.55-170.45).

Phén tich thong ké

Mb hinh thong ké biéu dién sy phu thudc ciia
hiéu suat biodiesel vao cac nhan to6 dugc ma hoa la
mot phuong trinh da thire bac hai c6 dang:

VobaYRX TR IRNY, (D
i=l

i=l j=1+1
Y hiéu suit du doan tao thanh biodiesel (%).
bo hé s6 hdi quy bac 0.
~nhan td doc 1ap thtr i anh huong dén ham muc
' tieu Y.
~ hé s6 hdi quy bac 1 md ta anh hudng ctia nhan
Tt X;voiY.

hé 50 h01 quy tuong tadc mo ta anh hudng cta
yeu to Xi voi Y.

hé sb hdi quy twong tac mé ta anh huong ddng
T thoi X va X véi Y.

3 KET QUA VA THAO LUAN
3.1 Thanh phin methyl ester ciia biodiesel
tong hop tir dau hat cao su (RBDF)

Thanh phan acid béo chinh cua RBDF duoc
phan tich bang GC/MS. Két qua phan tich thanh
phan duoc tém tét trong Bang 2. Thanh phan C18:1
va C18:2 chiém nhiéu nhit (khoang 34%). Ham
lugng ciia da nbi doi chiém khoang 68%. Thanh
phan RBDF trong nghién ciru ndy ciing twong tu
nhu két qua di dugc cong bd cua hai tic gia
Abdullah and Salimon (Abdullah and Salimon,
2010).

i

b

Bing 2: Thanh phin methyl ester ciia acid béo chinh ciia RBDF, %

Tén thong thuong Tén theo IUPAC Céu tric* Phan trim
Methyl palmitate Methyl hexadecanoate 16:0 14.71
Methyl stearate Methyl octadecanoate 18:0 14.64
Methyl oleate Methyl 9Z—octadecenoate 18:1 33.86
Methyl linoleate Methyl 9Z,12Z—octadecadienoate 18:2 34.89
Methyl eicosanoate 20:0 0.31
Acid béo bao hoa 29.66
Acid béo chira mot ndi doi C=C 33.86
Acid béo chira nhidu ndi d6i C=C 34.89
Thanh phan khac 1.59

* xx:y tiong ikng voi xx carbon trong acid béo va y la sé lién két doi
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3.2 Xac dinh diéu kién t6i wu ciia phan ing
tranester héa diu hat cao su bﬁng phwong phap
quy hoach thwe nghiém theo phwong phap RSM
két hop véi md hinh CCD

Bai toan t6i wu dwoc 1ap dwa trén phwong trinh
hdi quy xac dinh bang phuong phap quy hoach
thuc nghiém 1a ham mo ta sy phu thudc cua hi¢u

suat biodiesel vao cic nhan t6 ham luong
methanol, ham lugng xuc tac va thoi gian phan ung
ctia phan tng transester hoa. Didu kién rang budc
la gi6i han cua ving nghién ctru. Phin mém
Design—Expert 6.0.8 dugc sir dung dé phan tich,
xdy dung phuong trinh hdi quy va giai bai toan
t6i wru.

Bang 3: Ma trin ké hoach thye nghiém va két qua thwe nghiém

STT Gia tri thue Ham muc tiéu (Y)

X1, Methanol X2, Xuc tac X3, Thaoi gian Thyc nghiém Tinh toan
1 30.00 1.00 120.00 69.44 69.03
2 30.00 1.00 120.00 68.26 69.03
3 30.00 1.00 120.00 70.10 69.03
4 30.00 1.00 120.00 69.26 69.03
5 30.00 1.00 120.00 69.26 69.03
6 30.00 1.00 120.00 69.26 69.03
7 20.00 0.50 90.00 70.10 65.43
8 40.00 0.50 90.00 69.48 69.38
9 20.00 1.50 90.00 69.20 63.90
10 40.00 1.50 90.00 67.58 64.91
11 20.00 0.50 150.00 73.00 70.43
12 40.00 0.50 150.00 70.80 70.86
13 20.00 1.50 150.00 64.66 59.52
14 40.00 1.50 150.00 57.60 57.02
15 13.18 1.00 120.00 56.20 64.16
16 46.82 1.00 120.00 66.02 65.37
17 30.00 0.16 120.00 59.84 61.59
18 30.00 1.84 120.00 43.12 48.67
19 30.00 1.00 69.55 72.50 77.52
20 30.00 1.00 170.45 72.80 75.09

,Mé hinh toét} hoc mo ta mbi quan hé giﬁa} hiéu
suat phan rng tong hop biodiesel vdi cac bien ma
hoa nhu sau:

Y= 69.05 + 0.37*X; — 3.84*X, — 0.72*X;5 —
L51% X] — 491*% X7 + 2.57* X7 — 0.73*X*X, —
0.88*X1*X5 — 2.34*X,*X5 2)

Két qua so sanh hiéu suét biodiesel thu duge tir

thue nghiém voi gid tri dy doan dya trén m6 hinh
vira xay dung thé hién ¢ Hinh 1.

Hé s6 twong quan (coefficient of correlation) r
cao cho thay co thé sir dung mé hinh dé tién doan
thuc nghiém va nguoc lai. Piéu nay cho thay
phuong trinh hdi quy di mé ta chinh xac cac sb
liéu thuc nghiém.

Bang 4: Két qua phén tich phwong sai cho mé hinh da thirc bic hai

Ngudn bién thién Tong binh Bactwdo  Lrumgbinh ol P GidtiP
phuong binh phwong

M6 hinh 773.53 9.00 85.95 3.90 0.0226

Phan du 220.53 10.00 22.05

Sai sé cua mo hinh 218.80 5.00 43.76 125.89 <0.0001

Sai s6 ngau nhién 1.74 5.00 0.35

Tong sb 994.06 19.00

CV=7.07%, R> = 0.7781
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Hiéu suét dy doan so véi thie nghiém

77.54 —

68.94 —

60.33 —

51.73

‘ Hiéu suiit dy dodn, %

43.12

I I
51.73

I I I
60.33 68.94 77.54

Hiéu suit thre nghiém, %

Hinh 1: So sanh hiéu suit biodiesel tir thye nghiém va tir mé hinh dwoc xay dung

r=10.388

Gia tri P lién quan dén kiém dinh F ciia mo
hinh (F-test hay kiém dinh Fisher) & Bang 4 c6 gia
tri nho hon 0.05 (P = 0.0226) cho thiy do twong
thich ctia phuong trinh hoi quy véi thuc nghiém tir
d6 cho thay do tin ciy thong ké. Hé sb xac dinh R2
(coefficient of determination) cho biét 77.81% sur
bién ddi cua hiéu suit biodiesel 1a do anh huong
clia cac bién doc lap nhu ham lwong methanol,
ham lugng xuc tac va thoi gian phan Gng, chi c6
22.19% su thay dbi la do cac yeu t6 khong xac
dinh duoc giy ra (sai s ngiu nhién). Bén canh do,
hé s6 bién thién CV (coefficient of variation) thép
chung to rang cac thi nghiém duoc thyc hién chinh
xac va do6 1ap lai cao (Box GEP va ctv., 1978).

Trong ving khao sat, phuong trinh hdi quy cho
thdy hiéu suat biodiesel chiu anh huéng bac 1, bac
2 clia ca ba nhan to nghién ctu X1, X2, X3 va chiu
anh huéng dong thoi cua cac cdp nhan té ham
luwgng methanol — ham lugng xuc tac (X;*X5), ham
lugng methanol — thoi gian phan ung (X;*X3), ham
lugng xtc tac — thoi gian phan ung (X>*X3).

Anh hudng cia cac yéu td doc lap cé thé duoc
giai thich dya vao phwong trinh hdi quy (2). Ham
luong xuc tic ¢6 anh hudng tiéu cuc 16n nhét dbi
v6i hiu sudt phan tng tong hop biodiesel ca bac
mot va bac hai. Piéu nay c6 thé duoc giai thich 1a
do khi taing ham lugng KOH, phan tng xa phong
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héa xay ra manh lam ting do6 nhét ctia hon hop
phan tng va lam giam hiéu suét. Thoi gian phan
Ung anh hudng tich cuc béc hai dén hiéu suét phan
mg. Didu nay ciing ¢6 thé dugc giai thich 1a do
phéan ng dugc thyc hién ¢ nhiét d§ phong, nén dé
phan tmg hoan tat, tang hiéu sut phan tng thi thoi
gian phan ng cin dwoc kéo dai, thoi gian phan
ung con phu thudc vao mic d§ phan tng (lugng
cac chat ban dau cang nhiéu thoi gian phan tng
cang lau). Ham luong methanol c¢c6 mic d6 anh
huéng thap nhit trong ba yéu t6 ké ca bac mot va
bac hai. Theo (2) va cac do thi Hinh 2a-2f thi cap
yéu t6 ham luong methanol — ham luong xuc tac
(X1*X>), ham luwgng methanol — thoi gian phan Gng
(X1*X3), ham lugng xuc tac — thoi gian phan ung
(X2*X;3) déu anh huong tiéu cuc dén hiéu suit tao
biodiesel trong d6 cdp ham lugng KOH — thoi gian
phan tng (X,*X3) anh hudng tiéu cuc 16n nht.

Vay dicu kién toi uu cho phan ung transester
hoéa dau hat cao su nhu sau:

— Ham luong methanol: 29.86% (so v6i khodi
luong dau)

— Ham luong xtc tic KOH: 1% (so v6i khéi
luong dau)

— Thoi gian phan tng: 150 phit
— Hiéu suét phan tng: 74%
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3.3 Nhiing tinh chit héa Iy ciia RBDF

Theo tiéu chudn ASTM, gidi han thép nhét cta
ham luong ester (ty 16 véi hiéu suat biodiesel) ciia
biodiesel 13 96.5%, tir két qua & Bang 5, ham luong
ester cia RBDF 1a 98.41%, diéu nay cho thdy hau
nhu toan bd dau hat cao su da chuyén hoéa thanh
Bang 5: Nhiing tinh chit héa-ly cia RBDF
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ester. Tuy nhién, hiéu suét van c6 thé dat cao hon
néu dau thd ban dau duoc tinh ché, khir mau, khur
mui (O’Brien, R.D., W.E., Farr and P.J. Wan,
2000). Ngoai ra, cac thong sb nhu: do nhét dong
hoc & 40°C, chi sb acid cling dat duogc chuén
ASTM.

Cic thong so phén tich ASTM Dau Diesel RBDF
Ham lugng methyl ester tong (%) 96.5 - 98.41
Chi s6 acid (mg KOH/g) 0.5 max. - 0.06
Do nhét dong hoc & 40 °C (mm?/s) 1.9-5.0 32 4.75

ASTM: American Society for Testing and Materials

4 KET LUAN

Mot qua trinh gdm hai budc gém (1) ester hoa
xuc tac acid va (2) transester hda xuc tac base da
duoc thyc hién trong nghién ctru nay dé tong hop
biodiesel tir diu hat cao su. Nhitng yéu t6 anh
hudng dén qua trinh transester hoa nhu ham luong
methanol, ham lugng xuc tac va thoi gian phan ung
da duge phan tich théng ké theo mo hinh tam phirc
hop (CCD) va phuong phap bé mit dép tmg
(RSM). Hiéu suét t6i uu dat dugc 74% tuong ung
v6i cac diéu kién sau: ham luwong methanol 29.86%
so v6i luong dau, ndng do xic tic 0.69% so voi
khdi luong dau, sau 150 phut thuc hién phan tng.
Céc chi tiéu vé chit lvong nhu ham luong methyl
ester, chi s6 acid va do nhét dong hoc 6 40°C cia
san pham biodiesel tong hop dwoc déu dat yéu cau
theo tiéu chudn ASTM.
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Nghién ciru nay dugc tai trg bdi YARI
(Yanmar Agriculture Research Institute) tai Can
Tho va dé tai nghién ciru cip Truong 2014 (Ma sb:
T2014-12).

TAI LIEU THAM KHAO

1. Abdullah B. M. and Salimon J., 2010. Toxicity

Study of Malaysian Rubber (Hevea
brasiliensis) Seed Oil as Rats and Shrimps

Tests. Asian Journal of Biochemistry, 5: 33-39.

2. Box G. E. P, Hunter W.G., Hunter J.S.,
Statistics for experimenters, 1978. New
York: Wiley; p. 291-334.

3. Hilditch T. P., 1951. Variations in
composition of some linolenic-rich seed oil.

Journal of the Science of Food and
Agriculture 2, 543-547.

24

4. Huong L. T. T, 2011. Nghién ctru tong hop
biodiesel bang phan (g ancol phan tir m&
c4 da tron & Pong bang song Ciru Long trén
xuc tac acid va base, 2011. Lu4n 4n tién si,
Thanh phé H5 Chi Minh.

5. Jeong, G. T., Yang, H. S., & Park, D. H.,
2009. Bioresource Technology, 100, 25-30.
doi: 10.1016/j. biortech.05.011.

6. O’Brien, R.D., W.E., Farr and P.J. Wan,
2000. Introduction to fats and oils technology.
AOCS Press, Champaign, IL, USA.

7. Shaw, J. F., Wu, H. Z., & Shieh, C. J., 2003.
Food Chemistry, 81, 91-96.
doi:10.1016/S0308-8146(02) 00383-7.

8. Silva, N. D. L. D., Maciel, M. R. W. M.,
Batistella, C. B., & Filho, R. M., 2006. Applied
Biochemistry and Biotechnology, 129-132,
405-414. doi:10.1385/ABAB:130:1:405.

9. Thanh L. T., Kenji Okitsu, Luu Van Boi, and
Yasuaki Maeda, 2012. Catalytic Technologies
for Biodiesel Fuel Production and Utilization
of Glycerol: A Review. Catalysts 2012, 2,
191-222; doi:10.3390/catal2010191.

10. Vicente, G., Coteron, M., Martinez, M., &
Aracil, J., 1998. Industrial Crops and
Products, 8, 29-35. doi:10.1016/S0926-
6690(97)10003-6.

11. Xingzhong Yuan, Jia Liu, Guangming
Zeng, Jingang Shi, Jingyi Tong, Guohe
Huang. Optimization of conversion of waste
rapeseed oil with high FFA to biodiesel
using response surface methodology, 2008.
Renewable Energy 33, 1678—1684.



