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ABSTRACT

A two-step procedure including acid-catalyzed pretreatment of highly
acidic Cashew nut oil (AV=9.78 mg KOH/g) followed by a standard
transesterification procedure with methanol and potassium hydroxide as a
catalyst was used to produce Cashew nut oil methyl esters in this study.
The transesterification reaction parameters such as methanol to oil molar
ratio, catalyst concentration, temperature and time have been investigated.
The optimized yield was found to be 89.5%. The quality of the biodiesel
produced was evaluated by the determinations of important properties
such as kinematic viscosity at 40°C, gross heating value and acid value.
The obtained results showed that these parameters were in acceptable
range for biodiesel to be used in diesel engines.

TOM TAT

Qud trinh hai giai doan gom ester héa xiic tac acid va sau dé la transester
xiic tde base dd dwoc thuc hién dé to;ng hop diesel sinh hoc tir dau nhan
hat Diéu c¢é chi sé acid cao (AV=9.78 mg KOH/g). Nhitng thong $6 cho
phan vmg transester hoa nhu ti I¢ mol methanol/dau, ham long xiic tdc va
nhiét do phan ung da duwoc toz wu héa. Hiéu sudt phan img diéu ché
biodiesel duoi nhimg diéu kién t6i wu nay la 89.5%. Chat lwong ciia diesel
sinh hoc tong hop dwoc danh gia théng qua viéc xdc dinh nhiing thong s0
quan trong nhuw do nhot dong hoc o 40°C, chi $6 acid, nhiét luong tong va
thanh phan acid béo. Két qua cho thdy, diesel sinh hoc téng hop dwge théa
man cdc tiéu chudn chat heong cia cdc tiéu chudn hién hanh va cé thé
dung cho dong co diesel.

1 PAT VAN BE

thdy tai sao biodiesel tir rapeseed chiém phan 16n

Do d9 nhdt cao va kha nang hoa hoi kém cua
dau thuc vat so véi dau diesel dan dén tinh trang
tac nghén voi phun va hinh thanh cdn carbon trong
xylanh ctua dong co khi dung truc tiép chung vao
dong co diesel. Biodiesel téng hop tir dau thyc vat
bang phan tng transester hoa co thé lam giam do
nhdt va cai thién duogce d6 hoa hoi.

Nguyén liéu dung dé san xuét biodiesel tiy
thudc vao diéu kién khi hau ciing nhu nhitng nguon
nguyén li€u san cod cua dia phuong. Diéu d6 cho
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tai Chau Au, biodiesel tir dau co dugc s dung
nhiéu tai cac nudc nim trong ving khi hau nhiét
d6i hay & My biodiesel duoc san xuit tir ngudn
nguyén li¢u chinh la ddu dau nanh va m& dong vat.
(Mittelbach et al., 2004; Knothe et al., 2005;
Moser, B.R., 2009).

Cay biéu hay con goi 1a dao 1on hot co tén
khoa hoc 1a Anacardium Occidentale L.). Cay Piéu
dugc trong nhiéu & cac tinh mién Pong Nam Bo
(Tay Ninh, Binh Phuéc, Binh Duong, Pong Nai)
va cac dia phuong lan cén. Theo Hi¢p hoi biéu
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Viét Nam (VINACAS), Viét Nam hién la quéc gia
xudt khau hat Diéu hang dau thé giéi. Trong quéa
trinh ché bién nhan hat Diéu xuat khau c6 mot
luong 16n hat khong dat tiéu chuin chit luong.
Chung dugc ép thanh diu, tuy nhién, diu nay
khong dn dugc do chi sé acid kha cao. Nham tan
dung ngudn biomass phong phti nay ciing nhu lam
ting gia tri sir dung ciia n6, dau nhan hat Piéu
da dugc chon dé san xuit biodiesel trong nghién
clru nay.

Bai bao nay trinh bay cac két qua vé& (1) Tong
hop biodiesel tir ddu nhan hat Diéu (CBDF) theo
phuong phép khudy tir gia nhiét, (2) Panh gid mot
s tinh chat hoa — 1y ctia CBDF.

2 PHUONG PHAP NGHIEN CUU
2.1 Vit liéu

Dau hat Piéu dugc mua tai khu Cong nghiép
Bién Hoa, Bong Nai.

Hoa chét ding trong tong hop va phén tich co
xuat xiur tir Merck, Dtre.
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2.2 Phwong phap nghién ctru
2.2.1 Phwong phap tong hop CBDF

Déu nhan hat Didu c6 chi sb acid cao (AV =
9.78 mgKOH/g) da dugc tién hanh téng hop thanh
biodiesel qua hai giai doan. Giai doan 1: cac diéu
kién phan ung duoc ¢6 dinh nhu sau: nhiét do
60°C, thoi gian phan ng 1a 2 gio, phan trim thé
tich methanol so v6i dau 1a 35%, phan tram khdi
lwong acid sulfuric so v&i dau 1a 1%, téc do khudy
1a 500 vong/phit. Két qua thu dugce dau c6 chi sb
acid (AV) 1a 2.3 mg KOH/g thich hop dé tién hanh
giai doan 2.

Khéi luong dau nhan hat Diéu sau giai doan 1
(AV = 23 mg KOH/g) ¢ mdi thi nghiém dugc
ding khong d6i 1a 100 g, khdi lvong methanol liy
theo ty 16 mol (methanol/dau) tir 4:1 dén 8:1, ham
luong xuc tac thay doi tir 0.5 dén 1.5% (tinh theo
khéi lwong dau). Cac budc tién hanh thi nghiém
giai doan nay nhu trong truong hop tong hop
biodiesel tir m& ca Tra, ca Basa (Nguyen Van Dat,
2009). Quy trinh tong hgp CBDF tir diu nhan hat
Diéu duoc trinh bay trong So dd 1.
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v
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So dd 1: Quy trinh hai buéc téng hop CBDF
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2.2.2 Xac dinh do nhot dong hoc tai 40°C

Do nhét dong hoc (mm?¥s) duge xac dinh &
40°C, bang cach do thoi gian dé mot thé tich chét
long xac dinh chdy qua mét mao quan thdy tinh
dudi tac dung cua trong lyc. Trong nghién ctru nay,
thiét bi do do nhot Viscosity Measuring unit
ViscoClock (Schott Instrument) c6 ché do ty dong
hién thi thoi gian duoc st dung dé xac dinh do
nhét dong hoc cia dau nhan hat Piéu va CBDF.
Do nhdt dong hoc 1a Kkét qua tinh dugc tir thoi gian
chay va hing sb twong tmg cua nhot ké Ostwald.

2.2.3 Phan tich thanh phan héa hoc ciia CBF

San pham CBDF dugc phan tich thanh phan
hoa hoc bang sic ki khi ghép khdi phdé GC-MS tai
phong thi nghiém Hoéa Sinh thudéc B¢ mon Hoa
hoc, Khoa Khoa hoc Ty nhién — Truong Dai hoc
Can Tho.

Mot s6 chi tiéu hoa ly (nhiét luong tong,
diém chop chay) cia CBDF duoc phan tich tai
Trung tam Phén tich thi nghiém CASE chi nhanh
tai Can Tho.

Duya vao két qua phan tich thanh phan tinh dugc

_ 2 Mim;

M cBDF =
Zm;

methyl ester; m;: phin trim khdi lugng methyl

ester. TUr d6, tinh dwoc hiéu suét téng hop

biodiesel. Hiéu suét phan tng (ki hiéu Hegpr) duoc

trong d6, M;: khdi luong phan tir

m
, A . . T L
tinh theo cong thirc sau: H ppp = ———x100, V6i

mrr

m LT=M CBDF x3n diu-

3 KET QUA VA THAO LUAN
3.1 Nhiig tinh chit héa Iy ciia ddu nhén
hat Diéu

. Chi sb acid yé d6 nhét dong hoc ¢ 40°C cua
dau nhan hat Biéu va CBDF dugc trinh bay trong
Béng 1.

Bang 1: Tinh chit héa Iy ciia diu nhin hat Piéu

Tinh chét héa ly Diu nhén hat Diéu
Do nhét dong hoc &

40°C (mm?/s) 29.35
Chi s acid (mg

KOH/e) 9.78

Chi s acid ctia nguyén liéu dau quyét dinh dén
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phuong phap chuyen hoa ching thanh biodiesel.
Chi s6 acid cua dau nhan hat Diéu kha cao (9.78
mg KOH/g) nén khong chuyén hoa tryc tiép thanh
biodiesel ma can phai qua giai doan xir Iy nguyén
lidu dau.

3.2 Khio sat cac yéu té anh hwéng dén phan
rng transester hoa xtuc tac base (Giai doan 2)

Dé khao sat anh huong cua luong xuc tac, cc
thi nghiém duoc tién hanh v6i nong do xuc tac
KOH thay dbi tir 0.5 dén 1.5% (so v6i khéi luong
déu) vé ¢6 dinh cac yéu t6 con lai nhu sau: nhiét do
14 60°C, toc d¢ khuay 1a 500 vong/phiit. Yéu tb thoi
gian dwoc ¢b dinh 1a 90 phut, ty 1& mol
methanol/dau 1a 7:1. Két qua dwoc biéu din bing
dd thi Hinh 1. Hiéu sudt phan mg cao nhét khi
ham lugng xuc tac KOH 1a 1.25%. O ndng do
KOH nho hon 1.25%, luong xuc tac khong du dé
phan ung hoan tat. Nguogc lai, khi néng d6 KOH
16n hon 1.25%, hiéu suat phan @mg c6 khuynh
hudng giam boi vi khi tang lugng xuc tac thi lam
tang luong xa phong tao thanh, tir d6 hiéu suit thu
san phdm giam.

Ty 1& mol methanol/dau 1a mot trong nhitng
yeu t6 quan trong nhit anh huong dén hiéu
suat phan tmg. Trong nghién ciru nay, mot chudi
cac thi nghiém da dugc thyc hién voi ti 1€ mol
methanol/dau thay d6i tir 4:1 dén 8:1 va cb dinh
cac yéu tb con lai nhu sau: nhiét d6 1a 60°C, tc do
khuay 1a 500 vong/phat. Yéu t6 thoi gian dugc cb
dinh 1a 90 phit. Hinh 2 cho thiy anh huéng cua ty
16 methanol/diu dén hiéu suit tao CBDF. Theo
chidu hudng ting ty 1¢ mol methanol/dau thi higu
suét ciing ting. Ty 1& mol cang cao hon gia tri 3:1
thi tbc do hinh thanh ester cang nhanh (Hideki
Fukuda, Akihiko Kondo and Hideo Noda, 2001).
Khi ty 16 mol 1a 7:1 thi hiéu suat dat cao nhét. Tuy
nhién, néu ty 1€ mol cao hon 7:1 thi hiéu Sut co
khuynh huéng giam, DPidu nay do methanol c6
nhém OH phan cyc déng vai trd nhu mot chit nhi
hoa (Umer Rashid, Farooq Anwar, 2008), lam ting
kha nang hoa tan cua glycerine trong dung dich
phan tng. Khi glycerine con lai trong dung dich
phan tmg s& lam cho can bang chuyén dich theo
chiéu ngugc lai voi hudng tao methyl ester, hi¢u
sudt s& giam. Mot nguyén nhan khac nita 1a do
methanol hoa tan dugc cé glycerine va methyl
ester, nén mdt lwgng methyl ester s€ theo methanol
vao trong pha glycerine va do do lam giam
hiéu suét.



Tap chi Khoa hoc Truong Pai hoc Can Tho

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 31 (2014): 76-80

90 89.5 100
89 90 895 g5

NS 7.53 X 79

:;» 88 87 & 80
87 =

2 85.9 = 70

& 86 | 8495 & 59

== 85 60
84 50

04 06 08 10 12 14 16 34 5 6 7 8 9
Néng dp KOH, % Ty 1& mol (methanol/diu)
Hinh 1: Anh huéng ciia % KOH dén hi¢u sut  Hinh 2: Anh huéng cia ti 1¢ mol (methanol/diu)
tong hop CBDF dén hi¢u suat tong hop CBDF

95.0 89.5 95.0 895 885 890
90.0 -

o 85.0 7 ¢ 85.0

% 80.0 7.6 =

5 750 "8 750

g 70.0 =

« [{-FT]

iq 65.0 58 = 65.0
60.0 38
55.0 55.0

45.0 55.0 65.0 45.0 95.0 145.0
Nhiét dg, °C Thoi gian, phiit

Hinh 3: Anh hudng cia nhiét do dén hiéu suit
tong hop CBDF

Phan tng transester héa xtic tac thuong duoc
nghién ctru trong khoang nhiét d6 gan vai nhiét do
s0i ctia methanol (Srivastava A, Prasad R, 2000).
Vi vay, cac thi nghiém dugc tién hanh & bén nhiét
d% khéc nhau 50, 55, 60 va 65°C véi viée ¢d dinh
cac yéu t& nhu: ndng d6 xuc tic KOH 1a 1.25%
(theo khdi lwong dau), ty 16 mol methanol/du 1a
7:1, toc do khudy 1a 500 vong/phut, thoi gian phan
tmg 1a 90 phat. Hiéu suat phan tng Diéu ché
CBDF tai cac nhiét do khac nhau dugc trinh bay &
dd thi Hinh 3. Hiéu suit cao nhét dat tai 60°C. Khi
tang nhiét d6 hiéu suit phan Gmg tao CBDF ting.
Tuy nhién, khi nhiét d¢ tang cao hon 60°C, thi hi¢u
suat phan tmg c6 khuynh huéng giam, didu nay co
thé do phan tmg xa phong hoa dau da xay ra trudc
khi hoan tt phan ng transester hdéa. Mat khac,
nhiét do cao dan dén thit thoat methanol mot phﬁn
lam giam hiéu suat.
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Hinh 4: Anh hudng cua thoi gian dén hiéu suit
tong hop CBDF

Hiéu sudt phan tng transester hoa phu thudc
vao thoi gian phan tng. Thoi gian phan tng can
thiét phu thudc vao ban chét nguyén liéu va xuc tac
sir dung. Cac nghién ctru déu cho thay, sau khi
phan tng dat hiéu sudt chuyén hoa cao nhét thi
viée tiép tuc ting thoi gian s& khong lam ting hiéu
suét. Cac thi nghiém duoc tién hanh véi viée cb
dinh cac yéu t6 nhu: nong d¢ xtic tic KOH 1.25%
(theo khdi luong dau), ty 16 mol methanol/dau 1a
7:1, téc do khudy 500 vong/phut, nhiét d6 & 60°C
va thay d6i yéu t6 thoi gian tr 60 phat dén
150 phat. Két qua dwoc biéu thi Hinh 4. Theo dd
thi Hinh 4, hiéu suit dat cao nhat & thoi gian 90
phit. Néu thoi gian dudi 90 phat phan tng xay ra
khong hoan toan. Tuy nhién, néu thoi gian dai hon
90 phut, luong biodiesel thu dugc c6 khuynh
hudng giam.
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Bing 2: Piéu kién t6i wu cho phan ing
transester hoa tong hop CBDF tir dau
nhén hat Diéu

Dau nhan hat Pieu

sau khi ester hoa AV =23 mg KOH/g

Ham luong xtc the 550, (6 véi khéi luong diu)

KOH

Ty 1 mol 71
(methanol/dau) ’
Nhiét do phan ung 60°C
Thoi gian 90 phut
Higu suit 89.5%

Bang 3: Tinh chit héa Iy ciia CBDF
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3.3 Tinh chit héa Iy ciia CBDF

Tu lgét qua ¢ Bang 3 cho thdy, gia tri chi s&
acid, diém chdp chay va d6 nhét dong hoc ¢ 40°C
cia CBDF déu nam trong gi6i han cia cac ti€u
chuan hién hanh vé kiém soat chat luong cua
biodiesel.

Diém chép chay ciia CBDF cao hon diém chép
chay cua diesel No2 tuong tmng, di€u nay s¢ an toan
cho viéc ton trit va van chuyén biodiesel.

Nhiét luong tong cua CBDF thip hon
nhiét lugng tong cia diesel No2 khoang 10%, dieu
nay do sy c6 mit cia nguyén tr O trong phan tir
methyl ester.

Cac tiéu chuan cho biodiesel

Cac tinh chat hoa ly JIS EN ASTM CBDF  Diesel No2
Chi s6 acid (mg KOH/g) 0.5 max. 0.5 max. 0.50 max. 0.20 —
Diém chép chay ('C) 130 min. 130 min. 130 min. 195 55
Nhiét lugng tong (MJ/kg) - - - 40.03 45.68
Do nhét dong hoc (mm?/s) 3.5-5.0 3.5-5.0 1.9-5.0 4.81 3.15

ASTM : American Society for Testing and Materials
EN : European Committee for Standardization
JIS : Japanese Industrial Standard

3.4 Thanh phin acid béo ciia CBDF

Két qua phan tich GC-MS cho thiy thanh phan
acid béo cua CBDF chu yéu la C16 dén C20.
Thanh phan C18:1 chiém nhi€u nhat (66.84%) tiep
dén 14 C18:2 (17.37%).

Bing 4: Thanh phan acid béo chinh ciia CBDF, %

MSH C: S6 C=C (Cx:n) CBDF, %
(a) C16:0 8.54
(b) C16:1 0.19
(c) C20:0 0.28
(d) C18:0 6.77
(e) C18:1 66.84
(f) C18:2 17.37
(DY"(acid bdo hoa) 15.59
(Y (acid chira mét lién két C=C) 67.03
(V)3 (acid chira nhiéu lién két C=C) 17.37

4 KET LUAN

Di téng hop dugc CBDF véi higu suit 86.5% &
quy mo phong thi nghiém theo quy trinh hai giai
doan. Céc dac tinh hoa 1y cta san phém CBDF nhu
chi s6 acid, diém chdp chay, nhiét lugng tong va
dd nhét dong hoc tai 400C dat duoc yéu ciu vé
chat luong theo tiéu chuan cia ASTM, EN va JIS.
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