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ABSTRACT

The objective of the current work is to study an optimized protocol for the
synthesis of biodiesel from cashew kernel oil (CKO) and to evaluate the
quality of the produced biodiesel. Response surface methodology (RSM)
with central composite design (CCD) was applied for the determination of
optimum conditions of the transesterification step. The physicochemical
properties in terms of acid value, kinematic viscosity at 40°C, cetane
number; ester content, pour point, flash point, distillation range and
density at 15°C of the prepared CKO biodiesel were in acceptable range
for use as biodiesel in diesel engines.

TOM TAT

Muc tiéu cua cong trinh nay la nghién cuu quy trinh 16i wu cho t(fng hop
biodiesel tir dau nhin hat diéu va danh gid chat lweong cua biodiesel tong
hop dwoc. Phirong phdp bé mdt dap ing (RSM) két hop véi mé hinh tam
phitc hop (CCD) dugc sur dung dé tim diéu kién t6i wu cho giai doan
transester héa. Biodiesel tong hop duwoc tir cdc diéu kién toi wu theo
phuong phap RSM c6 nhiing tinh chdt héa — Iy nhw chi s6 acid, do nhot
dong hoc ¢ 40°C, chi so cetane, ham hwong methyl ester, diém chay, dzem
chop chay, thanh phan cdt va khoi lwong riéng 6 15°C dat dwoc yéu cau vé
tinh chdt cia nhién liéu ding cho dong co diesel.

1 PAT VAN BE

s6 cetane (Gerpen et al., 2004). Chi s6 cetane cang

Ngay nay, thé giéi dang phai déi mit su thay
dbi lién tuc gia ciia ngudn nhién lidu hoa thach, dic
biét 12 dau moé do nhing ngudn ning luong nay
ngay cang can kiét va lugng tiéu thu ngdy cang
tang. Piéu nay da dan dén viéc phai tim ngudn
nhién liéu dé thay thé. Phan tng giita dau thuc vat
hodc m& dong vat va mét alcohol véi sy c6 mat cua
base manh tao ra nhitng hop chéat hoa hoc méi goi
1a biodiesel (Demirbas A., 2009).

Biodiesel c6 thé thay thé dwoc dau diesel. Thi
nhét, mot dic diém rét quan trong quyét dinh cho
viée ¢6 thé dung biodiesel thay thé dau diesel 1a chi
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cao thi nhién li€u cang thich hop cho dong co
diesel. Chi sb cetane cuia biodiesel cao hon dau
diesel!. Thir hai, chénh 1&ch ham lwong nang lwgng
ctia biodiesel so v6i dau diesel khong dang ké
khoang 8-10%)?. Ciing chinh dic diém nay ma khi

I Biodiesel tir Moriga Oleifera L. c6 chi sb cetane bang
67, 16n nhit dugc biét cho dén nay (Rashid U., 2008)

2 Theo tinh toan ctia VITO (Flemish Institute for
Technological Research) dé chay dugc quing dudng 100
km v6i cing mot chiée xe thi phai dung 6.3 kg biodiesel
trong khi d6 chi cdn 5.7 kg ddu diesel (Spirinckx C.,
1996)
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dung biodiesel khong can phai thay thé thung chira
nhién liéu. Viéc stk dung biodiesel co sé lam gidm 6
nhiém méi trieong. Thir nhat, biodiesel c6 d6 nhon
t6t hon dau diesel, chinh vi thé khi pha tron
biodiesel voi dau diesel s& 1am ting tinh nhon cua
hdn hop nhién liéu pha tron. Hon nita, viée sir dung
biodiesel hoic hon hgp pha tron biodiesel/diesel
dong nghia véi viéc giam muic d6 6 nhiém (giam
duogc ham lwgng luu huynh)®. Thir hai, ham luong
O trong biodiesel nguyén chét chiém 10-12% trong
khi dau diesel khong chtra O. Sy hién dién ctia O
gitip cho biodiesel chay triét dé hon diesel didu nay
s€ gitip 1am gidm ham lugng hydrocarbon (HC),
carbon monoxide (CO) va chat ran lo ling (PM —
particulate matter). Tuy nhién, khi ham luwong O
tang thi viéc d6t chay lam ting ham luong NO,
(Lay L., 2009).

Vé6i loi thé 1a mot nudc néng nghiép, viéc
nghién ciru va str dung nhién liéu sinh hoc chang
nhimg gop phin lam giam thiéu sy phu thudc
vao ngudn ning luong nhip khiu ma con gop
phin bao vé méi truong ciing nhu phat trién kinh té
bén viing.

Cashew

Nut shell

Kernel
Testa

Hinh 1: Qua Piéu cit ngang

Cay Diéu hay con goi la dao 16n hot co tén
khoa hoc 13 Anacardium Occidentale L. Cay Diéu
dugc trong nhiéu & cac tinh mién Péng Nam Bo
(Tay Ninh, Binh Phuéc, Binh Duong, Ddng Nai)
va cac dia phuong lan can. Theo Hiép hoi Piéu
Viét Nam (VINACAS), Viét Nam hién la quéc gia
xuit khau hat Diéu hang dau thé giéi. Trong qua
trinh ché bién nhan hat Piéu xuat khiu c6 mot

3 Theo co quan bdo vé mdi trudng cia My EPA
(Environmental Protection Agency) tiéu chuén vé ham
luong lwu huynh trong diu diesel ULSD (Ultra Low
Sulfur Diesel) phai thdp hon 15 ppm (API 2006 —
American Petroleum Institute)
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lugng 16n hat khong dat tiéu chuén chét luong
(defective cashew kernel hay unhealthy cashew
kernel). Chung dugc ép thanh dau, tuy nhién, dau
nay khong an dugc do chi s6 acid kha cao. Nham
tan dung ngudn biomass phong pht nay ciing nhu
lam tang gia tri st dung ctia n6, dau nhan hat Didu
dd dugc chon dé san xuat biodiesel trong nghién
clru nay.

Qué trinh transester hoa téng hop biodiesel hau
hét dugc thuc hién trén co s6 thay d6i mot yéu t6
va c¢b dinh cac yéu t6 con lai phuong phap nay
duoc goi la tdi wu hoa mot yéu td (one—factor
optimization hay one—variable—at—a—time) (Marcos
Almeida Bezerra et al., 2008). Tuy nhién, cach tiép
can nay boc 16 nhiéu han ché boi vi phan tng
transester hoa bi anh huong boi nhidu yéu t6 nhu
ham lugng methanol, thoi gian phan g va xuc tac
(Xingzhong Yuan ez al., 2008). M6t giai phap cho
van dé nay 1a sir dung phuorng phap RSM ket hop
v6i md hinh CCD dé t6i wu hoa qua trinh tdng hop
(Silva et al., 2006; Jeong et al., 2009; Vicente et
al., 1998; Shaw et al., 2003; Huong L. T. T.,
2011).

Trong nghién ctu nay, cac thi nghiém duoc
thue hién theo mo hinh CCD va RSM véi nam mure
va ba yéu t6 dé t6i wu hoa qua trinh transester hoa
tong hop biodiesel tir CKO biodiesel. Bén canh do,
c4c tinh chét hoa—ly ciia CKO biodiesel ciing dugc
phan tich d4nh gi4 theo cac tiéu chuan ASTM
(American Society for Testing and Materials), JIS
(Japanese Industrial Standard) va EN (European
Norm).

2 PHUONG PHAP NGHIEN CUU

2.1 Vatliéu

Dau nhén hat Diéu dugc mua tai khu Coéng
nghi¢p Bién Hoa, Pong Nai.

Mot s6 tinh chit hoa-ly va thanh phin cua
CKO dugc trinh bay ¢ Bang 1.
Bing 1: Thanh phén acid béo va mét so tinh

chat hoa —ly cia CKO

Tinh chit CKO
Thanh phan acid béo, %
Palmitic acid 8.54
Stearic acid 6.77
Oleic acid 66.84
Linoleic acid 17.37
Eicosanoic acid 0.28
Khéi lwong phan tir trung binh ciaa CKO ~ 875.26
Do nhét dong hoc & 40°C, mm?/s 32.46
Ham lugng acid béo tu do (FFA), % 17.42
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Theo mot sb cong trinh da dugc cong bd, viée
st dung KOH lam xac tic trong phan ung
transester hoa s€ thu dugc biodiesel cd nhitng dac
tinh tot cia nhién liéu (Thanh L. T. ef al., 2008;
Freedman B. ef al., 1984) vi thé trong nghién ctru
nay KOH dugc sir dung.

MeOH 1a alcohol dugc chon trong nghién ciru
nay vi day la alcohol c6 nhiét do soi thap nén dé
thu hoi sau phan tng, mat khac, day ciing la
alcohol c6 hoat tinh manh vi mach ngéan carbon
ngan nhat va ciing 1a alcohol phan cyc nhat.

Tét ca cac hoa chit duoc st dung 1a cac hoa
chat tinh khiet thuong mai c6 xuat xit Puc hoac
Trung Qudc.

2.2 Phwong phap nghién ctru

2.2.1 Ester hoa xuc tac acid

Giai doan nay, cac diéu kién phan tmg duoc cb
dinh nhu sau: nhiét do 65°C, thoi gian phan ung la
2 gi0, phan trim thé tich methanol so véi dau la
50%, phan tram khdi luong acid sulfuric so véi dau
la 1%, téc d6 khudy 1a 600 vong/phut va khoi
lwong dau hat nhan hat Diéu (FFA = 17.42) & mdi
thi nghiém duoc dung khong doi 1a 50g.

2.2.2 Transester hoa xuc tac base

Sau giai doan 1, dau nhan hat Diéu thu dugce co
FFA = 1.15 thich hop d¢ thuc hién phan ung
transester hoa. Trong moi thi nghiém luong CKO

(RCO0);C;Hs  + 3CH;O0H

Tir khdi lugng CKO da biét, M cxo da biét
tinh duoc s6 mol ciia CKO tham gia phan tmg. Do
trong thi nghiém, lugng CH30H duogc dung du, nén
hiéu suat phan tng s& duoc tinh theo CKO tham
gia phan tmg, tir 6 tinh duoc sb mol biodiesel theo
pu (*).

Hiéu suét phan tmg (ki hiéu Heko biodiesel) duoc

tinh theo cong thitc sau: H oy, = —1-x100,
LT

VOl m LT :M CKO biodiesel x% dAu- (CKO biodiesel:
biodiesel tong hop tir CKO)

2.2.3 Xac dinh do nhot dong hoc tai 40°C va
chi so acid

Do nhét dong hoc (mm?/s) duge xac dinh ¢
40°C bang cach do thoi gian d¢ mot thé tich chat
long xac dinh chdy qua mgt mao quan thuy tinh
dudi tac dung cua trong luc. Trong nghién curu nay,

KOH,
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duogc dung khong dbi 1a 50g, khdi lugng methanol
tir 13.18 dén 46.82% (tinh theo khéi lugng dau),
ham lugng xtc tac thay ddi tir 0.16 dén 1.84% (tinh
theo khdi lwong dau), thoi gian khao sat tir 69.55
dén 170.45 phat. Xac tic KOH hoa tan trong
methanol bang may khudy tir trugc khi cho vao
binh phan tmg chira hdn hop dau va acetone (lugng
acetone duoc lay khong ddi 1a 10% so voi khoi
lwong dau) tai nhiét 6 phong.

Hdn hop sau phan tng dugc dé én dinh trong
ph&u chiét va tach 16p. Tach lay 16p trén, cho thém
petroleum ether vao l5c 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 iy phén tan trong methanol
thu dugc biodiesel. Rira hon hop véi 30% thé tich
nudc am khoang 60°C va lam khan bang cach dun
110°C khoang 20 phut. Can san pham va xac dinh
hiéu suat phan ting.

Dua vao két qua phan tich thanh phan nhu di
trinh bay ¢& Bang 1 tinh dugc M cko biodiesel
— ZM[ mi

xm,
binh cua hdn hop methyl ester; m;: phan tram
k}léi luwong methyl ester. Tur do, tinh dugc hiéu~suét
tong hgp biodiesel. Phan ing transester hoa dién ra
nhu sau:

3RCOOCH; + Glycerol

trong d6, Mi: khdi luwong phén tir trung

*)

thiét bi do d6 nhét Viscosity Measuring unit
ViscoClock (Schott Instrument) c6 ché d6 tu dong
hién thi thoi gian dugc st dung dé xac dinh do
nhét dong hoc ciia CKO ciling nhu CKO biodiesel.
D6 nhdt dong hoc 1a két qua tinh dugc tir thoi gian
chay va hang sb twong ting cua nhét ké Ostwald.

Chi s acid cua dau nguyén liéu ciing nhu
biodiesel dugc xac dinh bang phwong phap chuan
a6 thé tic

2.2.4 Xac dinh thanh phan hén hop methyl ester

Thanh phan methyl ester cia acid béo duogc
phan tich bang GC/MS (Thermo scientific), voi cot
TG-SQC GC (15mx0.25mmx0.25um). He dugc s
dung 1am khi mang véi toc do dong 1.2 mL/min.
Chuong trinh nhiét d¢ nhu sau: Nhiét do dau 60°C,
toc do gia nhigt 10°C/min dén 260°C va giit 1 phut.
Thanh phan acid béo dugc xac dinh thong qua cac
dinh ctia phd db tuong tmg voi khéi lugng phan tir
¢6 trong dir lidu di kém vai hé thong GC/MS.
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2.2.5 quc bucc thuc hién bai toan quy hoach
theo RSM ket hop véi mo hinh CCD

Lwa chon nhan t6 doc 1ap énh huéng dén
ham muc tiéu Y (hi¢u suat tong hop biodiesel)

Ph?ﬁn‘ tram khc")’i luong methanol so véi dau
(X1), phan tram khoi luong xuc tac so voi dau (Xz)
va thoi gian phan tng (X3).

S$6 thi nghiém

Sé thi nghiém N= 2k + 2k + 6 (N = 20 véi
k =3). Trong do, k 1a S(:) bien s0 ddc lap va 2k so thi
nghiém bd sung tai di€ém sao. Khodng cach tir tim
dén diém sao a = 2k/4 (o = 1.68 v6i k =3). Tét ca
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cac nghién ctru dugc thyc hién & nam muc (-, -1,
0, +1, +a). Nhu vay, trong nghién ctru nay 20
thi nghiém s€ dugc thuc hién véi 23 sb thi nghiém
cua quy hoach toan phﬁn, 6 thi nghiém ldp lai tai
tam dé danh gia sai s6 va 6 thi nghiém bd sung tai
diém sao nam cach vi tri tim thuc nghiém mot
khoang +a.

Trong nghién clru nay, mién khao sat nhu sau:
ham luong methanol tir 13.18 dén 46.82% (tinh
theo khdi lugng dau), ham lugng xiic tac thay ddi
tir 0.16 dén 1.84% (tinh theo khoi lugng dau), thoi
gian khao sat tir 69.55 dén 170.45 phiit.

Bang 2: Xac dinh giéi han pham vi va mirc bien doi cia cac nhan to

Bién thuc

Bién ma héa Pon vi

Mirc nghién ctru

-1.68(—2) -1 0 +1  +1.68(+a)

Ham lugng methanol Xi % 13.18 20 30 40 46.82
Ham lugng xuc tac X2 % 0.16 0.5 1 1.5 1.84
Thoi gian phan ing X3 phut 69.55 90 120 150 170.45
Phan tich th("')ng ké hiéu suat biodiesel vao cac nhan to dugc ma hoa la

Mb hinh théng ké biéu dién su phu thudc cua

Y=b, + ibiXi + ibﬁxf +
i=1 i=1

2 3
> 3bXX,

i=l j=l+1

mdt phuong trinh da thic bac hai c6 dang:

()

Y  hiéu sudt du doan tao thanh biodiesel (%).

b,  hé s hdi quy bac 0.

X; nhan t6 doc 1ap thtr i anh hudong dén ham muyc tiéu Y.

b;  hé sé hdi quy bac 1 mé ta anh huong cua nhén t6 X; véi Y.

bi  hé s6 hdi quy twong tic md ta anh hudng cua yéu td X; voi Y.

bi  hé s6 hdi quy twong tic mo ta anh huong dong thoi X; va X; véi Y.

3 KET QUA VA THAO LUAN

3.1 Xac dinh diéu‘kién tdi wu ciia phan dng
transester héa CKO bang phwong phap quy
hoach thuc nghiém theo RSM két hop véi mo
hinh CCD

. Bai toan tbi wu dqqc lap dua trén phuong trinh
hoi quy xac dinh bang phuong phap quy hoach
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thuc nghiém 14 ham mo ta sy phu thudc cua hiéu
suat biodiesel vao cic nhan t6 ham luong
methanol, ham lugng xtc tac va thoi gian phan tng
ctia phan tng transester hoa. Diéu kién rang budc
la gi¢i han cia ving nghién ciu. Phin mém
Design—Expert 6.0.8 dugc s dung dé phéan tich,
xdy dung phuong trinh hdi quy va giai bai toan
toi uu.
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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, Thoi gian Thyc nghiém Tinh toan
1 20 0.5 90 86.07 86.38
2 40 0.5 90 93.4 94.6
3 20 1.5 90 87.52 82.67
4 40 1.5 90 84.77 83.84
5 20 0.5 150 80.39 79.52
6 40 0.5 150 86.28 89.33
7 20 1.5 150 80 77.01
8 40 1.5 150 81.88 79.77
9 13 1 120 68.58 72.71
10 47 1 120 83.53 81.94
11 30 0.16 120 96.18 93.12
12 30 1.84 120 76.36 81.96
13 30 1 70 91.2 92.87
14 30 1 170 82.8 83.67
15 30 1 120 88.86 88.26
16 30 1 120 88.32 88.26
17 30 1 120 88.45 88.26
18 30 1 120 88.1 88.26
19 30 1 120 87.9 88.26
20 30 1 120 88.37 88.26
M0 hinh toan hoc md ta mdi quan h¢ giira hi¢u Két qua so sanh hiéu suét biodiesel thu dugc tir
suét phan tng téng hop biodiesel vai cac bién ma thuc nghiém véi gia tri du doan dya trén mo hinh
hoéa nhu sau: vira xay dung thé hién & Hinh 2. Hé s6 tuong quan

(coefficient of correlation) r cao (r = 0.9168) cho
thiy co thé st dung mé hinh dé tién doan thuc
nghiém va nguogc lai. Piéu nay phuong trinh hoi
quy da mo ta chinh xac cac s6 liéu thuc nghiém.

Y = +88.26 + 2.75*X; — 3.32*X, — 2.73*X; —
1.76*¥X1*X, + 0.40*X*X5; + 0.30*X*X; —
3.87*%X ;2 — 0.26*X,% + 0.0028*X 5 2)

100 —

90 —

80 —

70 —

Hiéu sut dy doan, %

60 —

T T T T T
60 70 80 90 100

Higu suét thuc nghiém, %

Hinh 2: So sanh hiéu suét biodiesel tir thyre nghiém va tir mé hinh dwoc xay dung, r = 0.9168
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Bang 4: Két qua phén tich phwong sai cho mé hinh da thirc bic hai

Ngudn bién thién ~ Téng binh phwong Bic ty do bf;l‘:‘;gh:’r‘;‘;‘g Gia tri F Gia tri P
M& hinh 599.88 9 66.65 5.86 0.0054
X 102.93 1 102.93 9.05 0.0132
X> 150.28 1 150.28 13.21 0.0046
X; 102.08 1 102.08 8.97 0.0134
X, 215.48 1 215.48 18.94 0.0014
X,? 0.94 1 0.94 0.083 0.7797
X2 1.17E-04 1 1.17E-04  1.03E-05 0.9975
XiXa 24.82 1 24.82 2.18 0.1704
X1 X3 1.27 1 1.27 0.11 0.745
X2Xs 0.71 1 0.71 0.063 0.8072
Phin du 113.74 10 11.37

Sai s6 ctia md hinh 113.21 5 22.64 211.71 <0.0001
Sai s6 ngiu nhién 0.53 5 0.11

Tong sb 713.62 19

CV=395%, R= 0.8406

Gi4 tri P lién quan dén kiém dinh F cia mo
hinh (F—test hay kiém dinh Fisher) & Bang 4 c6 gi4
tri nho hon 0.05 (P = 0.0054) cho thiy d6 tuong
thich ciia phwong trinh hdi quy véi thuc nghiém tir
d6 cho thay d¢ tin cdy thong ké. Hé s xac dinh R2
(coefficient of determination) cho biét 84.06% su
bién ddi ctia hiéu suét biodiesel 1a do anh huéng
clia cc bién doc 1ap nhu ham lugng methanol, ham
luong xtc tac va thoi gian phan Ung, chi co
15.94% su thay doi 1a do cac yéu to khong xac
dinh dugc gay ra (sai s6 ngau nhién). Bén canh do,
hé s6 bién thién CV (coefficient of variation) thap
chung té rﬁng cac thi nghiém dugc thyuc hién chinh
xac va d6 lap lai cao (Box GEP et al., 1978).

Trong ving khao sat, phuong trinh hdi quy cho
théy hiéu sut biodiesel chju anh hudng béc 1, bac
2 cuia ca ba nhan t6 nghién ciru X1, X2, X3 va chiu
anh huong dong thoi cua cac cdp nhan td ham
lugng methanol-ham Iugng xuc tac (X;*X;), ham
luong methanol-thoi gian phan Gng (X:*X3), ham
luong xtic tac—thoi gian phan ung (X2*X3).

1.3
p
1.1 &
0.9
07—
05 s
25

20

Ham lugng KOH,

Ham lugng MeOH, %

Hinh 3: Db thi cho biét anh hudng cia cip yéu tb
ham lwgng KOH-MeOH dén hi¢u suat tao biodiesel

150

T4/ /5/\

920

Thoi gian, phtt

20 25 30 35 40
Ham lugng MeOH, %

Hinh 4: Do thi cho biét anh hudng cia cap y,éu
to thoi gian—ham lwgng MeOH deén hiéu suat
tao biodiesel

150

[84]

140 —
-
=
2 _
o 130 | B [86]
<
B
B 120 e
=
E (20]

110—\_‘

2] AN
100
90 m T T T T
05 07 09 11 13 15

Ham lugng KOH, %

Hinh 5: Do thi cho biét anh huong cua cap yéu
to thoi gian—ham lwgng KOH dén hiéu suat tao
biodiesel
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Anh hudng cia cac yéu tb dég lap cé thé duoc
giai thich dga vao phuong trinh hoi quy (2).

Ham lugng xtc tac ¢6 anh huong tiéu cuc bac
mot 16n nhat ddi v6i hiéu suit phan tng téng hop.
Diéu nay c6 thé dugc giai thich 1a do khi st dung
KOH lam xuc tac ngoai phan Ung transester hoa
con c6 mot phan ung khéac ciing xay ra dong thoi
d6 la phan ung xa phong hoa triglyceride. Theo
nghién ctru cia Leung va Gue thi hau nhu tit ca
cac phan tu triglyceride tham gia phan ing dudi tac
dung cua KOH nhung khong phai tt ca chung déu
thuc hién phan ung transester héoa ma chi co
khoang 97% phan tir glyceride hinh thanh biodiesel
con lai khoang 3% tham gia phan ung xa phong
héa (Leung D. va Guo Y., 2006). Xa phong tao
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thanh s& 1am ting d6 nhot ciia hdn hop phan tng va
lam giam hiéu suit phan Gng tao biodiesel (anh
huong ti€u cyc). Thoi gian phan Gng anh hudng
tiéu cuc bac mot diéu nay cé nghia 1a khi phan tmg
gan nhu hoan tit viéc kéo dai thoi gian phan Gng s&
khong co6 v
3.2 Nhiing tinh chit héa-ly ciia CKO

biodiesel

Nhitng tinh chit hoa-ly ciia CKO biodiesel
dugc trinh bay ¢ Bang 5. Hau hét cac tinh chét
nhu: chi sb acid, do nhét dong hoc & 40°C, chi )
cetane, ham lugng methyl ester, diém chay, diém
chép chdy, thanh phan cét va khdi lugng riéng &
15°C ctia CKO biodiesel déu nim trong giéi han
clia c4c tiéu chuan ASTM, JIS va EN.

Cac tiéu chuan

Tinh chit héa — Iy JiS ASTM N CKO biodiesel
(M Chi s6 acid, mg KOH/g 0.5 max 0.5 max 0.5 max 0.48
(P nhét dong hoc & 40 °C, mm?/s 3.5-5.0 1.9-6.0 3.5-5.0 4.77
@84 cetane, phiit 51 min 47 min 51 min 57.53
@ Ham lugng methyl ester, % 96.5 min 96.5 min 96.5 min 99.04
@ Pidm chay, °C 15)-(+10)  (<15)~(+10)  (~15)~(+10) 3
@ Piém chdp chay, °C 120 min 130 min 120 min 166
@ Thanh phan cét, °C

10% vol, °C 332

50% vol, °C 360 max 360 max 360 max 336

90% vol, °C 344
@ Khbi luong riéng ¢ 15°C, Kg/L 0.86-0.90 0.57-0.90 0.86-0.90 0.88

@) Phdn tich tai B6 mén Héa hoc, Khoa Khoa hoc Tw nhién, DHCT
@ Phan tich tai Trung tam Ky thudt & Ung dung Céng nghé, Tp. Can Tho

4 KET LUAN

Nhimg yéu t6 anh huong dén qua trinh
transester hoa tong hop biodiesel tir CKO nhur ham
luong methanol, ham lugng xuc tac va thoi gian
phan tmg da dugc phén tich thong ké theo md hinh
tam phuc hop (CCD) va phuong phap bé mat dap
tmg (RSM). Hiéu suat t6i wu dat dugc 95.45%
twong Ung voi cac didu kién sau: ham luong
methanol 35.32% so véi lugng dau, néng do xuc
tac 0.5% so véi khoi luong dau, sau 90 phut thuc
hién phan mg. Cac chi tiéu vé chit lwong nhu chi
s6 acid, do nhot dong hoc & 40°C, chi s6 cetane,
ham lugng methyl ester, diém chay, diém chép
chay, thanh phan cit va khdi lugng riéng & 15°C
ctia CKO biodiesel déu nam trong gi61 han cua cac
tiéu chuan ASTM, JIS va EN. Dleu nay ciing cho
thiy CKO 1a mot nguon biomass tiém nang c6 thé
khai thac dé san xuat biodiesel tai Viét Nam trong
tuong lai.
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