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ABSTRACT

In this study, a three-step process was developed to produce biodiesel from Calophyllum
inophyllum oil. The first step, pre-treatment of feedstock with methanol was done. The
second step, acid catalyzed esterification reduces the FFA (Free Fatty Acid) content of
the oil to less than 2%. The final step, alkaline catalyzed transesterification process
converts the products of the second step to its mono-esters and glycerol. The major
factors affect the conversion efficiency of the process such as molar ratio (methanol/oil),
amount of catalyst, reaction temperature and reaction duration are analyzed. It has been
found that the conversion was over 90% under temperature condition of 60°C,
methanol/oil mole ration of 6:1, catalyst amount (catalyst/oil) of 1%, reaction time of 2
hours and agitation speed of 600 rpm (revolutions per minute). Gas Chromatography
Mass Spectrometry (GC-MS) analytical result showed that methyl oleate (C;s.;) and
methyl linoleate (Cys.2) were the two major components of Calophyllum inophyllum oil-
biodiesel (CaloBDF). The important properties of biodiesel such as gross heat
combustion, flash point and kinematic viscosity at 40°C are found out and compared with
that of diesel.

Keywords: Biodiesel, Calophyllum inophyllum oil
Title: Biodiesel production from calophyllum inophyllum oil

TOM TAT

M6t quy trinh tong hop dau diesel sinh hoc tir dau mit u gom ba giai doan da dwgc thire
hién trong nghién ciru nay. Déu mix u thé dwoc xir Iy so b voi methanol dugc thuc hién
trong giai doan ddu tién. Trong giai doan hai, qud trinh ester héa xic tdc acid nham dé
lam giam chi s6 acid ciia dau mii u vé gid tri thdp hon 2% da dwoc tién hanh. Giai doan
cudi cing la qud trinh transester héa xiic téc base nham chuyen san pham cia giai doan
hai thanh mono-ester (biodiesel) va glycerol. Nhing Yéu té quan trong dnh huwong dén
hiéu sudt cia qud trinh tong hop nhu ti 1é mol (methanol/oil), ham lrong xuc tac, nhiét do
va thoi gian phan iing da dwoc nghién civu. Tir két qua nghién ciru, hiéu sudt tong hop dat
duwoc trén 90% dudi diéu kién nhiét @6 60°C, ti 1é mol 6:1 (methanol/oil), ham lugng xuc
tac 1% (catalyst/oil), thoi gian phan ing la 2 gio va toc do khudy 600rpm. Két qua phdn
tich GC-MS cho thdy, methyl oleate (Cis:1) va methyl linoleate (Cis:5) la hai thanh phan
chinh cia dau diesel sinh hoc tong hop tr dau mit u (CaloBDF). Nhitng tinh chdt quan
trong ciia biodiesel nhw nhiét heong tong, diém chép chdy va dé nhét dong hoc ¢ 40°C da
diegre phan tich va so sanh véi gid tri ciia nhitng dai lwong twong g ciia ddu diesel.

Tir khéa: Diesel sinh hoc, thanh phén acid béo

1 PAT VAN PE

Bién di khi hau toan cau la mot nguy co, co thé trg thanh tham hoa cho nhén loai
do su tac dong cua né t6i nhitng yéu td co ban cta cudc sdng con ngudi trén toan
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thé gidi. Hang tram tri€u nguoi co thé 1am vao canh doi ngheéo, thiéu nudc, 1 lut,
han han,...Vi vay, c6 nhitng giai phap tng pho 1a di€u can thiét.

Viéc sir dung ngudn nguyén lidu hoa thach thai ra méi truong mot lwong 16n cac
khi nhu SO,, CO,, NO,,...1a nguyén nhan gay ra hiéu img nha kinh. Chinh vi vy
viéc tim ra nguén nguyén liéu than thién moi truong. dé thay thé cho nguon nguyén
liéu truyen thdng 1a diéu hét sirc can thiét va cling dé tmg pho véi bién d6i khi hau
1a vin d& dang dugc quan tim nghién ctru & nhiéu noi trén thé giéi.

Phan ung gitra dau thyc vat hodc m& dong vat va mét alcohol véi sy c6 mat cua
base manh tao ra nhitng hop chit hoa hoc méi ¢o tinh chat tuong ty nhu dau diesel
goi 1a biodiesel (Demirbas, Ayhan, 2009). Biodiesel c6 thé dung truc tiép (B100)
hodc pha trén v6i dau diesel voi bat ky ti 1é nao ma khong can phai thiét ké lai
dong co (dac biét 1a thung chira nhién li€u).

Mu u thudc ho Clusiaceae va c6 té€n khoa hoc 1a Calophyllum inophyllum L. Loai
thuc vat nay co nhiéu nguén géc nhu Dong Phi, An Do, bong Nam A, Australia va
Nam Thai Binh Duong. Cay cho san lugng 100-200 qua/kg (J. Hemavathy and J.
V. Prabhakar, 1990). Luong dau dugc lay ra khoang 2 tan/ha trén mdi dién tich bé
mat dat. Dau c6 mau xanh, dic, va c6 mui hap dan. Theo truyén thong, dau mu u
da duogc st dung nhu mét loai thudc diéu tri cac bénh ly vé da, lam xa phong, dau
dbt dén va my phdm (C. Morel, 2000; S. Crane, 2005). Méi ddy, mu u da dugc dé
xuét nhu 1a mot nguén biomass cho san xuét nhién liéu sinh hoc (B.K. Venkanna,
2009).

Dén nay da c6 vai cong trinh nghién ciru san xuat dau diesel sinh hoc dwoc cong
bd (B.K. Venkanna, 2009; Vasanthakumar SathyaSelvabala, 2010). Indonesia
clng da thanh cong trong viéc san xudt va dua vao su dung déu diesel sinh hoc tir
dau mu u. Tuy nhién, hau nhu chua c¢6 thong tin vé nghién ciru tong hop dau diesel
sinh hoc tir dau mu u tai Viét Nam. Trong nghién ctru nay, dau mu u dugce st dung
lam nguyén liéu cho tong hop biodiesel bang mot qua trinh qua ba giai doan (1)
tién xir ly nguyén liu dau, (2) ester hoa xtic tac acid va (3) transester hoa xuc tac
base. Cac diéu kién phan tng nhim dé thu dugc hiéu suat t6i da da duoge
nghién cuu.

2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Vatligu

Dau mi u nguyén liéu dugc mua tai mot co sé san xuét co dia chi tai phuong
Hung Loi, quan Ninh Ki€u, thanh ph6 Can Tho.

Hoa chat ding trong tong hop va phan tich c¢6 xuét xur tir Merck, Duc.
2.2 Phwong phap nghién ciru
2.2.1 Xir Iy so bé dau mix u nguyén liéu véi methanol

Dau mu u nguyén liéu va 30% thé tich methanol (so v6i thé tich dau) duoc chira
trong phéu chiét roi lic déu khoang 1 phut, sau d6 dé yén phéu chiét chimg 15 phut
cho tach 16p, roi chiét 1y 16p dau & phia dudi, sau d6 dem dau di dun ¢ 110°C dé
loai bo lwrong methanol va nude con trong dau.
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2.2.2 Téng hop dau diesel sinh hoc tir dau Mii u dd qua xir Iy so bé

Dau mu u sau khi xir Iy so bo c6 FFA cao (19.25) da dugc tién hanh tong hop
biodiesel qua hai giai doan. Giai doan ester hoa xtic tac acid, cac diéu kién phan
tmg duoc ¢ dinh nhu sau: nhiét d6 60°C, thoi gian phan ung 1a 4 gio, téc do
khudy 1a 600 vong/phiit, phan tram khdi lugng acid sulfuric so v6i dau 1a 1%. Két
quéa thu duoc dau Mu u c6 FFA bang 1.575 (<2%), thich hop dé tién hanh giai
doan transester hoa xuc tac base.

Khéi lugng diu mu u sau giai doan ester héa xuc tac acid & mdi thi nghiém duoc
ding khong doi 1a 100 gam, khéi lugng methanol lay theo ty 1& mol
(methanol/dau) tir 4:1 d&én 10:1, ham lugng xuc tac thay doi tir 0.5 dén 1.5% (tinh
theo khdi lwong dau). Qua trinh thi nghiém duoc tién hanh nhu sau: can lugng
methanol can thiét cho vao binh tam giac 250 mL. Thao tic cin can phai nhanh vi
methanol dé bay hoi. Sau d6, can mot lugng xuc tac base can thiét. Thao tac can
phai nhanh vi KOH dé hat 4m. Cho luong base trén vao binh tam giac da chua san
methanol, do KOH rat kho tan trong methanol nén can sir dung méay khudy tir dé
khuay Cén chinh xac luong dau cho vao binh phan mg va dat 1én may khudy ti,
diéu chinh nhiét do can thiét. ROt tir tix dung dich KOH trong methanol vao binh
phén Gng trén, tién hanh khuéy voi tde d0 manh dé tao diéu kién cho phéan ng xay
ra nhanh hon va theo ddi qua trinh phan tmg. Sau khi phan Gng xong, hdn hop
phan tmg duoc dé 6n dinh trong phéu chiét va tach 16p. San pham biodiesel duoc
tinh ché bang cach rira nhidu 1an voi nuée 4m nham loai bo xiic tac, methanol va
lam khan bang Na,SO, khan.

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

San pham biodiesel duoc phén tich thanh phan hoa hoc bang sic ky khi ghép khéi
pho GC-MS tai phong thi nghiém Hoa sinh thugc B mon Hoa hoc, khoa Khoa
hoc Tu nhién — Pai hoc Can Tho.

Bén canh d6, mot sé chi ti€u hoa 1y khac cua san phém nhu: d6 nhét dong hoc tai
40°C, nhiét luong tong, di€ém chdp chdy dugce phan tich tai Trung tdm Phén tich thi
nghiém CASE chi nhanh tai Can Tho.

3 KET QUA VA THAO LUAN
3.1 Nhirng tinh chét héa Iy ciia ddu mi u nguyén liéu

Bang 1: Tinh chét héa ciia diu nguyén liéu dé tng hop biodiesel

Théng sb Diu M u Diesel
FFA", % 26.25 -
Do nhét dong hoc & 40°C (mm?/s) 60.24 3.06

" Acid béo t do (Free Fatty Acid hay FFA, g oleic acid/ 100 gam chét béo)
Dau mu u sau khi trich ly duoc tién hanh danh gia chat luong thong qua mét sb chi
tiéu hoa ly co ban. Két qua dugc trinh bay trong bang 1.
Bang 1 cho thdy viéc st dung truc tiép dau mu u lam nhién liéu cho dong co diesel
s€ gap kho khan do mot so 1y do sau day: PO nhot cua dau md dong thyc vat cao
hon diesel 10-20 lan s€ lam cho dau phun de bi tac nghén va qua trinh chay xay ra
khong hoan toan. Bé khac phuc nhitng nhugc diém trén ciia dau md dong thuc vat,
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moét s6 phuong phap di dwoc 4p dung nhu pha lodng, nhi twrong, cricking nhiét,..
hay phuong phap hoa hoc nhu trao dbi ester thanh ester ctia cac alcohol mach
ngan. Phuong phap hoa hoc dugc nghién ctru va sir dung nhiéu nhat trong cong
nghiép vi lam giam dang ké do nhét va cai thién tinh bay hoi cia dau m&
(Barnwal. B. K, 2005), (Lotero. E, 2006), (Ma. F, 2009).

Ham luong ctia nuée va FFA dong vai trd quan trong trong phéan tmg trao doi este.
Khi str dung xtic tac base, FFA c6 trong diu m& s& tham gia phan tng xa phong
hoa v6i xuc tac lam hao hut va giam tac dung cua xuc tac, tang do nhot cua hon
hop phan ng, gy phirc tap va t6n kém cho qua trinh tach thu hdi glycerol va rira
san pham. Nhiéu tac gia d dua ra giéi han ham luong FFA (%) c6 trong ddu m&
nguyén li€u thich hop cho phan tng transester héa nhu Ma va Hanna (< 0,06) (Ma.
F, 2009), Ramadhas (< 2) (Ramadhas. A. S, 2005). Dau Mu u sau khi xtr 1y so bo
v6i methanol c6 FFA bang 19.25 (>2%). Do d6, qué trinh tong hgp CaloBDF phai
qua hai giai doan: (1) ester héa xtc tic acid nham dé chuyén acid béo ty do vé
dang ester lam giam chi s acid va (2) phan (ng transester hoa xtic tac base. Cac
nghién ctru con cho thdy ngoai ddu md, cac tac chit ciing can phai dugc khan
nuée. Khi ham lwong nudc 16n hon 0.5%, hidu suat c6 thé giam xudng dudi 90%
(Canakci. M, 1999).

3.2 Xir Iy so' bd ddu Mu u nguyén liéu véi methanol

Dau mu u ban dau c6 mau xanh sau khi xir Iy ngdm véi 30% thé tich methanol thi
thu duge dau c6 mau vang FFA gidm khoang 25%, mau dau sang hon, thuin lgi
cho cac budc tiép theo trong qua trinh tong hop thanh biodiesel. Tuy nhién, FFA
ctia dau mu u van con khé cao, nén phai tién hanh ester hoa xtic tac acid dé FFA
giam dén mot gia tri thlch hop (£2%) (Ramadhas. A. S, 2005)

Hinh 1: Ddu mit u ban diu FFA =26.25  Hinh 2: DAu mi u sau khi xir Iy methanol
FFA =19.25

3.3 Ester héa xuc tac acid

Céac diéu kién & giai doan ester hda xuc tac acid duoc ¢b dinh nhu sau: nhiét do
phan tmg 60°C, toc do khuay la 600 vong/phit, thoi gian phan tng 1a 4 gid, phan
tram thé tich methanol so v6i dau 1a 35%, xuc tac acid H,SO4 1%. K&t qua sau giai
doan nay, FFA cua dau mu u dat 1.575, thich hop dé tién hanh giai doan
transester hoa.

3.4 Cac yéu té anh hwong dén phan tng transester hoa xic tic base

Biodiesel 14 cic mono ankyl ester dan xuat tir acid béo mach c}éi cua diu m& dong
thuc vat dugc st dung cho dong co diesel. Biodiesel tinh khiét goi 1a B 100 duoc
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dung trdn voi nhién li€u diesel theo cac ty 1€ khac nhau. Biodiesel chu yéu duoc
diéu ché tir ddu m& bang phan Umg transester hoa (tranesterification) con goi la
phan tmg alcohol giai, hay chuyén vi ester. Phan g transester hoa la phan tng
thuén nghich. Xic tac thuong dugc sur dung dé lam tang van tbc clia phan tng.
Alcohol duoc ding du dé can bang léch vé phia tao ra nhiéu san pham biodiesel.

Nhiéu cong trinh nghién ctru cho thdy rang phan tng transester hoa phu thudc vao
cac thong s (1) loai va ham lugng xuc tac, (2) loai alcohol sir dung va ty 1é mol
alcohol/dau, (3) nhiét d6 phan tng, (4) thoi gian phan tng, (5) mtc d6 khudy tron,
(6) ham lugng FFA va nudc c¢é trong nguyén lidu dau m& (Sharma. Y. C, 2008),

3.4.1 Anh hwéng cua ti 1é mol methanol/dau

Alcohol bac nhit nhu methanol, ethanol, propanol, butanol déu c6 thé sir dung dé
tong ‘hop biodiesel. Cac biodiesel nay khong khac nhau nhiéu vé tinh chat hoa hoc
va déu thé dap tmg duoc yéu cau cia céc tidu chuan nhién liéu. Ban chat hoéa hoc
cta alcohol anh huéng dang ké dén phan tng téng hop biodiesel. Alcohol c6 kich
thude phan tir cang 16n thi phan rng cang khé xay ra do d6 phan ng thuong dugce
tién hanh & nhiét do kha cao. Alcohol phéan nhanh phan rng kém hon so v4i mach
thing twong tmg. So v6i methanol, ethanol c6 thé tao hdn hop dang phi véi nude
nén khé thu hdi hon va nuéce lam cho hiéu suit phan ung thap. Nhil twong duoc tao
thanh trong qua trinh phan ung ciia methanol khong bén, dé bi pha v& hon ciia
ethanol nén thoi gian dé tach pha ngén hon (Zhou. W, 2003). Do d6, mac du doc
hon ethanol, ngudi ta van thuong sir dung methanol 1am nguyén liéu cho san xudt
biodiesel.

Mot trong nhiing thong s6 quan trong cia phan g téng hop biodiesel 1a ty 1€ mol
giita alcohol va dau. Ty 1é ndy phu thugc vao ban chat nguyén lidu va tinh cht
acid, base dong thé hay di thé cua xtc tic. Hiéu sudt phan tng tang khi ty 18
alcohol/dau. Tuy nhién néu st dung qua nhiéu alcohol, d6 hoa tan glycerol trong
alcohol du ting din dén viéc tach rira khé khin 1am giam hiéu suét phan tng.

Ty 1& mol methanol/dau 1a mot trong nhing yéu t6 quan trong nhat anh huéng dén
hiéu suit phan ng. Trong nghién ctru nay mot loat cac thi nghiém da dugc thuc
hién véi ti 16 mol methanol/dau thay d6i tir 3:1 dén 10:1 va cb dinh cac yéu tb con
lai nhu sau: nhiét d6 1a 60°C, toc d6 khudy 600 vong/phut. Yéu té thoi gian duoc
¢6 dinh 1a 2 gio. Két qua duoc biéu dién bang d6 thi hinh 3.

100 9.1
88
90 83.95 86.65
X
< 80
RG]
z
H 70
= 60
50

34 5 6 7 8 9 1011
Ty 1¢ mol (methanol/dau)

Hinh 3: Anh hudng ciia ty 16 mol methanol/dau dén hiéu suét tong hop CaloBDF

Theo d6 thi hinh 3, theo hudéng tang ty 1¢ mol n}ethanol/dz‘?lu thiy hiéu sudt cling
tang. Khi ty 1€ mol (6:1) thi hi€u suat dat cao nhat, tuy nhién, ncu ty 1¢ mol cao
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hon (6:1) thi hiéu suét co6 khuynh huéng giam, diéu nay do methanol c6 nhém OH
phan cyc dong vai tro nhu mot chat nhii hoa, lam ting kha ning hoa tan cua
glycerol trong dung dich phan tng. Glycerol con lai trong dung dich phan tng sé&
lam cho can béng chuyén dich theo chiéu ngugc voi hudng tao mono ester, hi¢u
sudt s& giam. Mot nguyén nhan khac nita 1a do methanol hoa tan dugc ca glycerol
va alkyl ester, nén mdét luong alkyl ester s& theo methanol vao trong pha cta
glycerol va do d6 hiéu suat s& giam.

3.4.2 Anh hwéng nhiét do

Van téc phéan rng chuyén héa phu thude vao nhiét dd. Khi nhiét d6 tang, kha nang
khuéch tan vao nhau ciia tac chat ting lam cho phan tng dién ra nhanh hon.
Khoang nhiét d¢ ctia phan tg transester hoa twong ddi rong thuong tir nhiét do
phong dén gan nhiét do soi cua alcohol hodc cao hon nita & 4p suat khi quyén.
Nhiét d6 t6i wu ciia phan ting chuyén héa phy thudc vao ban chat, chat lwong cua
nguyén liéu dau m& va cac diéu kién khac phan tng (Yuan. X, 2008)

Trong nghién ctu nay alcohol dwoc st dung la methanol (nhiét do soi cua
methanol 65°C), nén céc thi nghiém duoc tién hanh & nam nhiét do khac nhau 30,
40, 50, 60 va 70°C véi viéc ¢d dinh cac yéu té nhu: ndng do xuc tac KOH 1%
(theo khéi lwong dau), ty 18 mol methanol/dau 1 6:1, tbc d6 khudy 600 vong/phut,
thoi gian khoang tmg 13 2 gid. Két qua duoc biéu din bang do thi hinh 4.

95.0 80.6 021 o4 T.}ieo d(i) thi trinl} bay ¢ hinl}) 4, cho thay
90.0 o i}/\ : hiéu suat cao nhat dat tai 60°C.
S o Khi tang nhiét do hiéu sudt phan img
2 750 tao CaloBDF tang. Tuy nhién, nhiét do
E 22-8 ting cao hon 60°C, thi hi¢u guét phan
0.0 mg ¢6 khuynh huéng giam, diéu nay c6
550 thé do phan ung xa phong hoa dau xay
30.0 40.0 50.0 60.0 70.0 80.0 ra trude khi hoan tat phan tmg transester
Nhigedg, °C héa. Mat khac, nhiét do cao dan dén

that thoat methanol lam giam hiéu suét.
Hinh 4: Anh huéng ctiia nhiét d deén hiéu

suét téng hgp CaloBDF
3.4.3 Anh huéng cia ham heong xiic tic KOH
100
87.95 31 905
90 | 81.95
= 20 78.5
"3 70
3. 60
= 50
40
04 06 08 1.0 12 14 1.6
Néng do KOH, %

Hinh 5: Anh hwéng cia %KOH dén hiéu suit tdng hep CaloBDF
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Dé khao sat anh huong cua xuc tac KOH, cac thi nghiém duogc tién hanh véi ndng
d6 xuc tac KOH thay dbi tir 0.5 dén 1.5% (so voi khéi lugng dau) va c¢b dinh cac
yéu t6 con lai nhur sau: nhiét do 60°C, téc do khudy 1a 600 vong/phut. Yéu té thoi
gian duoc ¢b dinh 14 2 gio, ti 1€ mol methanol/dau 1a 6:1. Két qua duoc biéu dién
bang dd thi Hinh 5. Hiéu suat phan tng cao nhit khi ham luong xuc tic KOH la
1%. O nong 6 KOH nho hon 1%, lugng xuc tac khong da dé phan tmg hoan tét.
Nguoc lai, khi n@)ng d6 KOH 16n hon 1%, hiéu suit phan g c6 khuynh hudéng
giam bdi vi khi ting luong xtc tac thi lam ting lugng xa phong tao thanh, tir d6
hiéu suat thu san pham giam.

3.4.4 Anh hwéng cia thoi gian

Hiéu suit phan tmg transester hoa phu thudc vao thoi gian phan ung. Thoi gian
phan ung can thiét phu thudc vao ban chat nguyén li€u va xuc tac sir dung. Cac
nghién ciru déu cho thiy, sau khi phan tng dat hiéu suit chuyén hoa cao nhat thi
viée tiép tuc tang thoi gian s& khong 1am ting hidu suét.

Cac thi nghiém duoc tién hanh véi viée ¢d dinh céc yéu td nhu: néng do xuc tac
KOH 1% (theo khéi luong dau), ty 16 mol methanol/dau 1a 6:1, téc do khudy 600
vong/phut, nhiét d6 & 60°C va thay doi yéu té thoi gian tir 30 phat dén 180 phut.
Két qua duoc biéu thi Hinh 6. Theo dd thi Hinh 6, hiéu suit dat cao nhit & thoi
gian 120 phut, néu thoi gian truée 120 phut phan tng xay ra khong hoan toan mau
clia biodiesel thu dugc t6i hon so véi mau ctia biodiesel thu dugc ¢ 120 phut. Tuy
nhién, néu thoi gian dai hon 120 phut, lugng biodiesel thu dugc cé6 khuynh
hudng giam.

Toém lai
100 g7 921 909 Viay diéu kién téi wu cho phan {ng
\=90 SM transester hoa dé tong hop CaloBDF
.80 nhu sau:
270 - Ham luong xtc tdic KOH: 1% (so
g-ao v6i khoi lugng dau)
50 - Ty 1€ mol methanol/dau: 6:1
40 - Nhiét do phan tng: 60°C
300 600 900 1200 150.0 _ Théi gian: 120 phut
Thai gian, phit - Hiéu suét cuc dai: 92.1%

Hinh 6: Anh hudng ciia thoi gian dén hiéu
suat tong hop CaloBDF

3.5 Nhiing tinh chit héa ly ciia CaloBDF

Bang 2 trinh bay nhiing tinh chit hoa 1y cua CaloBDF ¢6 so sanh voi diesel.
Nhing tinh chéat nhu: d6 nh6t dong hoc tai 40°C, diém chdp chay, chi so6 acid cua
CaloBDF déu dat yéu cau tiéu chuan JIS, EN, ASTM.

Nhiét lugng tong ciia CaloBDF thap hon nhiét lwong tong cua diesel khoang 10%,
diu nay do sy c6 mét cia nguyén tir O trong phén tir methyl ester.

Diém chép chay cua CaloBDF cao hon diérp ch6p chay cua diesel tuong tng, diéu
nay s€ an toan cho viéc ton trit va van chuyén biodiesel.
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Bing 2: Nhiing tinh chit 1y héa ciia CaloBDF c6 so sanh véi diesel

o FUR— Cic tiéu chuin CaloBD .
Céc tinh chat hoa ly JIS EN ASTM F Diesel
Chi 56 acid, mg KOH/g <0.5 <0.5 <0.5 0310 -
Nhiét lugng tong, MJ/kg - - - 39.690 43.80
biém chop chay, °C 130 min. 130 min. 130 min. 140 76
B nhét dong hoe 6 3550 3550 1950 4822 3.06

40°C, mm?*/s
3.6 Thanh phan methyl ester acid béo ciia CaloBDF

Thanh phan methyl eseter acid béo ctia CaloBDF dugc phan tich bang sic ky khi
ghép khdi phd. Két qua phan tich thanh phﬁn acid béo duoc tom tit {trong bang 3.

Thanh phan acid béo cua CaloBDF cha yéu la C, dén Cyp. Thanh phan Cis ch1em
nhiéu nhat (41.19%) va Cy. ton tai luong vét (0.45%). Ham lugng cua da ndi doi
Cis chiém mot ham luong kha 16n (29.07%), nén c6 kha nang do bén oxi hoa cua
dau mu u s& kém.

Bang 3: Thanh phin methyl ester acid béo ciia CaloBDF

Tén methyl ester acid béo CaloBDF
Acid palmitoleic(C16:1) 15.54
Acid stearic (C18:0) 13.75
Acid oleic (C18:1) 41.19
Acid linoleic (C18:2) 29.07
Acid eicosanoic (20:0) 0.45
Methyl ester acid béo bao hoa 14.20
Methyl ester acid béo chira mot ndi d6i C=C 56.73
Methyl ester acid béo chira nhidu noi doi 29.07
4 KET LUAN

P tong hop dugc CaloBDF véi hiéu sudt 92% & quy mé phong thi nghiém theo
quy trinh ba giai doan. Nhiéu dic tinh hoa Iy cua san phdm CaloBDF dat duoc yéu
cau vé chét lugng theo tiéu chuan cia ASTM, EN va JIS.
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