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SUMMARY

FABRICATION OF SOLID ACID CATALYST La,Zn/y-Al,O3 FOR THE
PREPARATION OF BIODIESEL FROM USED BEEF TALLOW WITH HIGH
FREE FATTY ACID

The catalytic system La,Zn/y-Al,O3 was synthesized, and then physically characterized by
XRD, TPD- NHs, BET, EDX methods. As seen from results of physical characterization,
the synthesized La,Zn/3-Al,O; material owns large surface area of 185.93 m?/g, mean
capillary diameter of 13.76 nm, and capillary volume of 0.83 cm3/g. The presence of La,
Zn creates strong acid sites on the catalyst surface, corresponding to the NH3 desorption
temperature at 519.6°C. The transesterification, catalyzed by the above synthesized
La, Zn/y-Al,03,0f methanol with beef tallow at the volumratio of methanol to fat of 4:1was
carried out at 65 °C for 8 hours, reaction efficiency was 99%.
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1. MO PAU

Nhién liéu sinh hoc, trong d6 cb
biodiesel duoc san xuit tir ngudn dau
thue vat phi thuc pham va md dong vat
phé thai théng qua phan tng estechéo
hoa c6 thé dugc xem la con dudng
huéng t6i muc tiéu tao ra nguon nhién
liéu tai sinh nhanh nhit va Ia xu thé tat
yéu trong twong lai gan [1-4]. Mot trong
nhitng mau chét quan trong cua phan
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g este chéo héa dau m& dong thuc vat
la viéc lya chon xuc tac cd dod chon loc
cao dé thuc day nhanh téc do phan Gng.
Céc chét xac tac axit ¢éng thé nhu HCI,
H,S0s... c6 thé thuc hién dugce déi voi
dau, md c6 chi sb axit cao. Tuy nhién,
xuc tac axit dong thé kho thuc hién va
hiéu qua kinh té khéng cao do n6 gay an
mon thiét bi va khé tach ra khoi san
pham sau phan &ng [4,8,9]. Céc chat xdc



tac bazo ddng thé nhu NaOH, KOH,
Ca(OH),, RONa...c6 kha ning lam toc
do phan tng tang nhanh nhung ching
khé thuc hién dugc vi san pham cudi
cung kho tach loai chat xuc tac, rat dé
xay ra phan tung xa phong hoa. Trong
nhitng ndm 2006-2007 c6 mot s6 co s&
san xuat nhién liéu biodiesel trong nudc
(Soc Trang, Minh T, Agifisf An Giang,
vam Coé...) sir dung x(c tac kiém dé san
xuat nhién liéu biodiesel. Biodiesel cua
cac co sé nay khong dat B100 [1]. Bo
cting 1a i do nam 2007, Bd Khoa hoc va
Cong nghé di dua ra thuc hién dé tai
“Panh gi4 hién trang cong nghé san xuét
va thir nghiém nhién liéu sinh hoc tr mo
ca nham gop phan xay dung tiéu chuan
Viét Nam vé biodiesel & Viét Nam”. Két
qua ciia dé tai 1a dwa ra hudng giai quyét
trén co s¢ cong nghé hién cé dugc thuc
hién qua 2 giai doan, dua thém budc tién
xa ly nguyén liéu dau vao khi ham
luong axit béo ty do > 3%, tic la phai
diéu chinh cdng nghé, phai tién hanh
este hda cac axit béo tu do sir dung axit
H,SO4, sau d6 mdai thuc hién trén xdc
tac kiém dong thé dé tranh qué trinh xa
phong hoéa [1]. Mat khéc, trong cac cong
nghé cua thé gidi st dung xdc tac kiém
dé tan, dé loai bo hoan toan kim loai
kiém phai c6 quéa trinh tinh ché bang
nhya trao ddi ion [1,5,9]. Hién nay, sit
dung xUc tac rin di thé trong cong nghé
hoé& hoc 1a xu thé chung cua thé gisi do
nhiéu vu diém ma hé xic tac nay mang
lai nhu: dO bén co va bén nhiét cao,
khéng phan huy, khong an mon thiét b,

qua trinh thuc hién lién tuc va dac biét
khong gay 6 nhiém méi truong. Xuc tac
axit ran duoc quan tdm nhiéu dé 1a hé
xUc tac axit di da HyXM1,Q40, trong do
X =P, Si; M = Mo, W va cac da oxit
kim loai chuyén tiép pha tap bang phi
kim nhu ZrO,, TiO,, WO3 nhiam cai bién
luc axit [3,4,9]. Cac hé xtc tac nay duoc
danh gia c6 hoat tinh cao, kha nang chiu
nuéc tét, c6 kha ning tai sir dung va
than thién v&i moi truong, dac biét co
kha nang thuc hién vai nguyén liéu la
dau, m& co6 ham luong axit béo tu do
cao, tuy nhién hién nay cac xdc tac nay
rat dat, kho thuong mai hda.Mot trong
nhitng van dé 16n lién quan dén xuc tac
di thé 1a sy hinh thanh ba pha gitta xuc
tac v6i ancol va dau dan téi nhiing gioi
han khuéch tan, do d6 lam giam téc do
phan ung [1-4]. Phuong an dé thuc day
cac qua trinh chuyén khéi lién quan toi
xdc tac di thé 1a st dung céac chat hoat
hoa ciu tric (structure promoter) hoic
cac x(c tac phan tan trén chat mang dé
c6 thé tao ra dién tich bé mit riéng 16n
hon va nhiéu mao quan hon, thac day
kha nang thu hat hay tap trung chat phan
ung la cac phéan tu triglyxerit cé kich
thudc 16n trong cac mao quan chaa cac
tam xuc tac lam ting téc d phan ung.
Trong nghién ctu ndy ché tao hé
xuc tac La,Zn/y-Al,O3 c¢6 mao quan
trung binh, dién tich bé mat 16n, tam axit
manh, tim bazo manh. Hé xuc tacday
nhanh phan (ng metyl este chéo hdéa ma&
bod (chi sb axit la 5,3) dé diéu ché
biodiesel. M& bo c6 uu diém la thanh
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phan chit béo no cao nén B100 thu dugc
s& co do 6n dinh oxi hoéa tét hon so voi
san xuat tir dau thuc vat, han ché kha
nang tao can cacbon khi chay.

2. THUC NGHIEM

2.1. Téng hop vit liéu y-Al,O3 va
La,Zn/y-Al,03

Hoa tan AI(NO3)3.9H,0 vao nudc cat
dén dung dich bio hoa & nhiét d6 phong
( khoang 70 g/100 g H,0), sau d6 cho
thém chat hoat dong bé mit 1 dung dich
PEG/Alginat trong dung moéi nude. Cho
tir tir dung dich ure vao hdn hop theo ti
16 mol AI** / ure 1: 12, khudy déu hdn
hop trong 1 gio, on dinh trong 1 gio ké
tiép, sau cung gia hoa ¢ 90°C trong 12
gid dé thu duoc gel alumina. Loc 13y gel
chia 1am 2 phan bang nhau, phan 1 dem
nung & 450°C trong 5 gio voi tée do gia
nhiét 5°C/phat, thu duoc y-Al,Oz(ki
hi¢u: miu a). Phan 2 ngim trong con
97° v6i thoi gian 48 gio dé chiét
template , dem nung & 400°C trong 5 gid
v6i toc do gia nhiét 5°C/phut thu dugc
v-Al,O3(ki hiéu: miu b)

Hoa tan Zn(CH3CO0),.2H,0 vao nudc,
cho tir tir dung dich KOH vao thay xuét
hién két taa, tiép tuc cho KOH vao dén
khi két tia tan hoan toan. Thém
La(NO3)3.6H,0 vao dung dich trén. Cho
mau y-Al,O3; di tong hop (miu nhém
dang hoat hoa) vao, d@)ng thoi diéu chinh
pH dung dich ~ 9 (biang NHs), khuiy
trong 2 gio & nhiét do khoang 80 - 90 °C.
Céc chit cho vao duoc quy doi theo ti ¢
khéi lugng y-Al,0s: n(CH3CO0),.2H,0:
La(NO3)3.6H,0 14 5,1: 1,5: 1,3. Loc két
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tua, rira, siy ¢ 90°C trong 12 gio. Két tua
sau khi lam kho duoc nung tir nhiét do
phong 1én 450°C (téc do gia nhiét
5°C/phat) giir & nhiét d&o nay trong 5 gio.
Thu duoc Xuc tac rin Zn,La/y-Al,0s ( ki
hiéu : mau c).
2.2. Phan tich cac dic trung cha vat
lidu va san pham cda phan &ng este
chéo héa
CAu tric tinh thé va thanh phan céc
nguyén t cua vat liéu xuc tac tong hop
duoc xac dinh bang cach do XRD, EDX
trong @ng. Dién tich bé mat va su phan
b6 mao quan duoc xac dinh bang
phuong phap do hap phu va giai hap phu
nito. Luc axit dwgc xac dinh bang
phuong phap TPD-NHs. San pham cua
phan ung este chéo héa mo bo dugc
phén tich trén may GC-MS Hewlett HP
6800 vai detector chon loc khéi lwong
Hewlett HP 5973, cot tach HP - 5 MS
crosslinked PH 5% PE Siloxane c6 kich
thuéc 30m x 0,32um. Hiéu suit phan
mg dugc danh gia bang phuwong phap
HPLC trén thiét bj HPLC Agilent 1200
series. Cot XDP-C18, Detector RI, dung
moi pha dong axeton.
3. KET QUA VA THAO LUAN
3.1. Két qua dic trung tinh chat vat Ii
cua vat liéu
3.1.1. Nhiéu xq tia X cua y-Al,03

Gian dd nhiéu xa tia X cua vat liéu
v-Al,O5 duoc thé hién ¢ hinh 1 cho thiy
2 miu a,b déu co cac dinh nhiéu xa ung
voi goc 20 ~ 38,5° 46° va 67°, dic trung
twong ung cho cac mat (311), (400) va
(440) cua vat liéu y-Al,Os. Binh nhiéu



Xa cua ca 2 miu twong tu nhau, tir do trong con déu thu duoc y-Al,04

cho thay khi c6 ngdm hay khéng ngam
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Hinh 1. Gian do nhiéu xq tia X cua:
(a): y-Al,03 khdng ngam trong con, (b) c6 ngam trong con;
(c) La,Zn/y-Al,03

3.1.2. Hdp phu va gidi hap N, xdc dinh
dién tich bé mat va phan bé mao qudan
cua y-Al,03

Hinh 2 (a), 2(b) cho thiay duong hap
phu va giai hap phu dang nhiét N, cua 2
mau y-Al,O; c¢6 xuit hién vong tré
ngung tu mao quan kiéu V, thuoc mot
trong 6 kiéu duong hap phu dang nhiét
theo phan loai cua IUPAC, 1985. Hinh
3a cho thdy mau (a) c6 2 loai mao quan
chu yéu véi duong kinh mao quan 16n

hon 50 nm va vi mao quan duong kinh

mao quan nho hon 3nm, duong Kinh
mao quan tir 5 dén 20 nm chiém mét
lugng khong déang ké hau nhu khéng co.
Nguoc lai hinh 3b thdy mau (b) c6 mao
quan dong déu, duong kinh tir 1 dén 60
nm, chu yéu tap trung & 15 dén 20 nm.
Nguyén nhan mau (b) c6 mao quan dong
nhat c6 thé con da chiét mot phan
template, vi vay nhiét do nung thap hon
S0 v&i mau (a). Chon mau (b) dé thuc
hién bién tinh bang La, Zn. Két qua do
dién tich bé mat BET, duong kinh mao
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quan trung binh va thé tich mao quan cua 2 mau duoc cho & bang 1.

Isotherm linear
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Hinh 2. Puong dang nhiét hdp phuva  Hinh 3. Pwong phan phéi kich thuéc mao
gidi hap N, cua: quan cua:
(a) y-Al,03 khi khdng ngam trong con (a) y-Al,03 khi khéng ngam trong con

(b) khi c6 ngam trong con;
(c) La,Zn/y-Al,03

(b) khi c6 ngam trong con;
(c) La,Zn/y-Al,03

Bdng 1: So sanh cdc ddc trung vat i cua y-Al,O3
duroc tong hop theo 2 quy trinh khac nhau

Mau a (khdng ngam Mau b (ngam trong con)
trong con)
XRD C6 nhiéu diém twong dong, déu tao ra y-Al,O3
Dién tich bé mat theo 184,65 m°/g 244,33 m*/g
BET
buong kinh mao quan 17,42 nm . 17,22 nm-
. ( Mao quan khong dong ( Mao quan dong nhat )
trung binh p
nhat )
Thé tich mao quan 0,810 cm*/g 1,052cm®/g
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3.1.3 Két qua nhiing ddc trung vat |i cua
La,Zn/y-AI203

% Nhiéu xa Tia X cua La,Zn/y-Al,03
Tt hinh 1(b), 1(c) cho thiy ca hai gian
dd déu co cac dinh nhiéu xa (ng véi goc
20 ~ 38,5° 46° va 67°, dic trung tuong
ung cho cac mat (311), (400) va (440)
cua vat liéu y-Al,03. Tuy nhién, cac tin
hiéu nhiéu xa cia mau La,Zn/y-Al,O3
khong rd rang nhu ddi voi mau y-AlyOs,
chung to sau khi bién tinh, do tinh thé
ctia nén nhdm oxit bi giam xudng. Xuat
hién dinh nhiéu xa thip & 20 ~ 31°
36,8° 65,2° kha ning c6 hinh thanh pha
spinel ZnAl,O,4 lam tang tinh axit cua hé
xuc tac [4]. C6 mot sé dinh nhiéu xa véi
cuong do thap & 26 ~ 31°, 36,8°,2°,56°,
59°, 65 c6 thé xuat hién mot lugng nho
La/spinel (Zn-Al) c6 tinh bazo [6].Theo
Qianhe Liuthi tim bazo yéu 1a do nhém
OH, tam bazo trung binh 1a do pha M-O
(M la kim loai) , tim bazo manh la do
anion O% gay nén. Khi La bién tinh lén
pha spinel Zn-Al thi c¢6 sy md rong
mang tinh thé caa Spinel Al-Zn, trong
d6 La c6 @6 am dién thap hon Al,Zn nén
d& tach 0% dan dén tang s6 luong tam
bazo manh [6]. Nhu vay khi La, Zn bién
tinh Ién thanh mao quan cua y-Al,O3 da
tao thém hai loai pha khac nhau mét loai
co tinh axit, mot loai ¢o6 tinh bazo. Tam
bazo lam tang nhanh phan ung thay
phan cua triglixerit, tAm axit thuc day
nhanh phan tng metyl este hda axit béo,
tr d6 lam ting tbc d6 phan tng metyl
este chéo hdéa m& dong vat. C6 mot sb
dinh nhiéu xa & 20 ~ 29,8° 35°, 42° ¢6
thé 1a cua Lay,O3 1am ting do bén co,
giam sy an mon cua axit va kiém [4-6]

% Hap phu va giai hap N, xéac dinh dién
tich bé mat, phan bé mao quan cua
La,Zn/y-Al,03

Két qua do hap phu va giai hap N, trinh
bay & hinh 2(c), cho thay duong hap phu
va giai hdp phu ding nhiét N, cua
La,Zn/y-Al,O3 xuat hién vong tré ngung
tu mao quan kiéu V, thuoc mot trong 6
kiéu duong hip phu dang nhiét theo
phan loai cua IUPAC, 1985. Tur hinh
3(c) cho thay duong kinh mao quan cua
hé La,Zn/y-Al,O3 tir 2 dén 60 nm, tap
trung nhiéu & 10 nm dén 15 nm. Két qua
cu thé 1a: Dién tich bé mit theo BET
185,93 m?%g, duong kinh mao quan
trung binh 1a 13,76 nm, thé tich mao
quan 12 0,83 cm®/g.

% Két qua TPD — NH;

Két qua giai hip amoniac theo chwong
trinh nhiét do cho thay hé xdc tac co ba
loai tam axit 1a yéu, trung binh va manh
tng véi nhiét d6 giai hap 200,6°C:
278,5°C va 519,6°C twong (tng Véi thé
tich NHs 14 3,499; 9,68 va 1,273 (ml/g).
Su ¢6 mat cua Zn trong hé xuc tac tao
thanh pha spinel (Al-Zn) la nguyén nhéan
Xuat hién tdm axit manh tuong tng véi
nhiét @6 giai hap NHs ¢ 519,6°C. Piéu
nay chang to sy bién tinh thanh cong
cua La,Zn Ién y-Al,04

% Phd tan sic nang luong tia X

Ham lwong cac nguyén t trong mau
La,Zn/y-Al,O; duge xac dinh  bang
phuong phéap tan sic ning lwgng EDX.
Két qua phan tich trinh bay ébang 2 cho
thiy ca 3 lan phan tich déu cho két qua
vé ham lwong Zn, La, Al trong mau
La,Zn/y-Al,05 kha gidng nhau, chiing to
cac nguyén té La va Zn duoc phan tan
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tuong d6i dong déu trong cau tric y-
Al,03. C6 mét lwong nho nguyén té K
trong cau tric cua hé xc tac, ching to
K da dugc bién tinh 1én thanh mao quan

v-Al;03. Céc tdm K nay co tinh bazo sé
thiic day nhanh qua trinh thay phan chat
béo, lam ting toc d6 phan ung metyl
este chéo hoa triglixerit.

Bang 2. Két qud phan tich nguyén té trong mau La, Zn/y-Al,03 bang phwong phdp EDX

oz Ham lwgng cac nguyén to chinh
Nguyén to — — —

Vitril Vitri2 Vitri3
O 38,03 % 38,10 % 39,03 %
Zn 8,46 % 8,18 % 9,60 %
La 4,67 % 4,35 % 451 %
Al 46,61 % 47,09 % 45,03 %
K 0,42 % 0,43 % 0,31 %

3.2. Phan itng metyl este chéo hoa mé bo
Phan tng metyl este chéo héa m& bo sir
dung hé xuac tac La,Zn/y-Al,03 duoc
nghién ctu tng véi ti lé thé tich cua
metanol/ma 1a 4:1; lugng xtc tac duoc
ldy theo ti 1& khéi lugng 1a 1:5 so véi
khéi luong cia ma. Nhiét dé phan ¢ng 1a
65°C, phan ung duogc thuc hién trong 8
gio. Hiéu suat phan ung 1a 99 %. Do 1a
mot két qua kha quan hon so véi mot sb
nghién ctu trén thé gioi gan day.
TheoZong.M.H dung xidc tac axit ran
activated carbon (AC-SO3H) mit 15 gio
trong diéu kién phan ang ¢ 80°C [7].
Theo Bharatkumar Z. Dholakiya dung
xuc t&c Super Phosphoric Acid, ¢ nhiét
d6 120°C mét 12 gio [8]. Theo Maria I.
Martins xuc tadc Hydrotalcite thi phan
ung sau 10 gio chi dat 94% [9]. Theo
Sirichai Chantara-arpornchai khi sir dung
CaO-ZnO lam xic tac trong diéu kién
nhiét o phan tng la 60°C thi phan tng
cling sau 8h nhung hiéu suit chi dat
79,62 % [10]. Theo M.

Sic ky d0 GC-MS cua san pham c6
duong nén thang, thanh phan metyl este
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cua axit béo bao gom 11-Hexadecenoic
acid, methyl este (~ 4,27 %); 14-
Pentadecanoic acid, methyl este (~ 21,48
%); 9-Octadecenoic acid (Z) , methyl este
(~ 35,92 %); Octadecanoic acid, methyl
este (~ 18,15%).

Dé giai thich hién twong tao nhil, su tao
thanh cac san pham, va céng dung caa hé
Xuc tac ta xét co ché cua phan ng. Bén
trong thanh mao quan c6 cac tdm axit
(pha spinel Zn-Al) va tam bazo
(La/Spinel (Zn-Al)) nim canh nhau. Dau
tién O s& hoat héa CH;OH tao CH30,
ddéng thoi pha spinel hoat héa nhém
cacbonyl tao cacbocation, khi d6 CH30
dé két hop vai cacbocation va quéa trinh
phan tng xay ra nhanh hon (hinh 4).
Hinh 4 thdy néu phan wng hoan toan s&
tao ra glixerol va B100, khi raa bang
nudc thi glixerol tan trong nudc va
khéng tao nhii. Nhung néu phan wng
chua duoc hoan toan thi san pham tao ra
ngoai glixerol con c6 monoglyxerit, di
glyxerit; d6 13 nhitng chat hoat dong bé
mat nén chdng sé tao nhii khi raa.



Catalyst (La/Spinel) O + CH;OH ——= CHzO + OH"

Catalyst (Spinel) CH.O"
+ 3

H
CH,-0-C-R & CH3O
TUE CH2-O-C-Ry CH,-O- CH,-OH
I H |

(.le Og R2 »ClH Og Rz *CH -O-C- R2 — éH 'O'CI'RZ +R1COOCH3

| (B100)
CHzO-§Rs CHO-CRs CH,-O-C-R, CH,-O-C-R,
) d Diglyxerit

Catalyst (Spinel) CH30"

CH OH H*
> CrzoH _J CHEOH CH,-OH
CH -0- c I
— (i:H -O- gHRz — CH -O- q; R, — CH -O-H +R,COOCH;

b0, CHi0OR (B109

pis 2" 3 CH,- og R CH,-O-C-R,

Catalyst (Spinel) Monoglyxerit
(|3H2—OH H* (|3H2—OH Ccho CH,-OH (|:H2-on-|
?H 'O'HJ/L» cl;H -o-H’/_L» CH-OH _ === CH -O-H + R(gBCl(())OO)CH3

® 3
CHz-O-g- CHZ-O-S-R3 CH, o-g-R3 CH,-O-H
H H glyxerol

Hinh 4: So dé biéu dién co ché cia phan iing metyl este chéo hda triglyxerit tazo B100

4. KET LUAN

D3 dé xuét quy trinh téng hop v-Al,O3
c6 dién tich bé mat 16n, duong kinh mao
quan dong déu, thé tich mao quan lén.
Nghién ctu quy trinh phéan tan lan tan,
kém 1én y-Al,03, hé vat li¢u La,Zn/y-
Al,Osc6 dién tich bé mat, dwong kinh
mao quan va thé tich mao quan tuong
ung voi cac gia tri 185,93 m#/g, 13,76
nm va 0,830 cm3/g. Sy ¢ mat cua Zn
lam xuat hién tam axit manh trén nén y-
Al,Os, twong tng V6i nhiét 4o giai hap
NH; ¢ 519,6°C. Hé xc tac tong hop cd
thé x(c tac cho phan ung metyl este
chéo hda m& bod c6 chi sé axit la 5,3.
Phan urng este chéo hdéa m& bo, xuc tac
boi hé La,Zn/y-Al,O3 dugc thuc hién
trong diéu kién ti 1¢ thé tich metanol: m&
la 4:1, nhiét do phan tng 65°C, thai gian
phan ng 8 gio, hiéu suat dat 99 %.
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