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SUMMARY

STUDY ON SYNTHETIC Mg-Al hydrotanxit/y—AI203 CATALYSED SYSTEM FOR
THE CROSS-REATION OF ANIMAL ESTE FAT TO GENERATE BIODIESEL

In this paper, presenting the results of study the integrated catalyst system Mg-Al hydrotetan on the basis of
-A1,03 by co-precipitation method. The synthesized products were structurally determined by X-ray energy
dispersive spectroscopy. XRD results show that Mg-Al hydrotanoxide has been successfully integrated on
the y-Al,Os platform with a uniform degree of size grain, the peaks characterize the product clearly. The
synthesized hydrotanxit/y- Al>O;z product was used as a catalyst for the cross-esterification of the treated
beef fat to produce biodiese, at 65°C within 8 hours for the amount of biodiesel to be obtained with high
efficiency. The biodiesel composition after the reaction was determined by GC-MS spectroscopy, showing
that the biodiesel composition is mainly methyl esters of specific fatty acids and contains few impurities.
Keywords: catalysis, ester reaction, co-precipitation

1. MO PAU Hidr9tanxit la khoang sét ty nhién hay téng hop
c6 cau trac 16p va cong thirc cua t€ bao nguyén
t6 1a MgsAlyOH)16 CO3.4H,0. Céu tric tinh thé
ctia hidrotanxit dugc xem nhu cau triic khoéng

Hién nay nhu cau sir dung ning luong trén thé
giéi ngay cang gia ting. Viéc sir dung nguon
nhién liéu hod thach 1a nang lugng khdng tai tao
gay ra nhiing ap luc 1&n nén kinh té va chinh tri
cua cac qudc gia. Pong thai, sir dung nhién liéu
hoé thach di va dang giy ra nhitng van dé vé 6
nhiém moi truong nghiém trong. Trudc tinh
hinh d6, viéc tim nguon ning lugng thay thé
nhién I‘iéu hoé thach la vin dé duoc quan tam Gitta céc 16p duoc lip diy bing cic anion va
hang dau cua cac nudc. .
nude [1-2].

twong tu cua brucite Mg(OH),. Trong d6 Mg?*
lién két phdi tri v6i 6 nhém hidroxyl. Khi cac
ion AP thay thé cho mot sb ion Mg?* trong
mang ludi dé tao thanh hidrotanxit, thi trén cac
16p c6 du dién tich duong. Pién tich duong d6
dugc bl bang cac anion, thong thuong 1a COz%.

Mat trong nhitng hudng di dugc nghién cau la
san xuit biodiesle tir ddu m& dong thyc vat thai
bing phan ung este hoa chéo. Tuy nhién, dé
phan ung este chéo hoé dau m& dong thyc vat
thai c6 hiéu suat tao biodiesel cao can c6 nhirng
hé xuc tac phu hop.

Nhan thiy hé xuc tac bazo hidrotanxit phu hop
cho qua trinh este chéo hod diu m& thai tao
biodiesel. Trong nghién ctu nay ching tdi trinh
bay “Phuong phap tong hop Mg-Al hidrotanxit
tich hop I1én nén vat ligu y-Al,O3 tng dung ché
tao biodielse tir phan tng este chéo hdéa mo
Trong d6 hé xuc tac bazo hidrotanxit dang dugc dong vat thai”.

rat nhieu nha bac hoc quan tdm nghién cuau.
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2. THUC NGHIEM

2.1. Piéu ché hidrotanxit bang phwong phip
dong két taa

- Piéu ché mau 1 (nung & 450°C)

Can 5,18 g Mg? va 3,18 g AI** pha lodng hon
hop trong 150 mL nude cat. Can 4 g NaOH pha
loAng trong 150 mL nudc cit va 0,795 g
Na,COs pha lodng trong 25 mL nudc cat. Cho
dung dich Na,COs vao cbc 500 mL, khudy gia
nhiét & 65°C. Dung 2 pipet, 1 pipet chira
NaOH, lpipet chira hdn hop 2 mubi dong thoi
nho tir tir vao dung dich Na,COj trén, gitt pH ¢
dinh trong khoang 8-9, nhiét d¢ khong doi giit &
65°C. Gia héa & 65°C trong 24 gio. Loc rua
bang nuéc néng nhiéu lan dén pH=7. Siy &
80°C trong vong 24 gio. Nghién min, sau do
nung & 450°C trong vong 4 gio.

- Piéu ché mau 2 (nung & 200°C)

Diéu ché tuong tw mau 1, nhung san pham sau
khi sdy & 80°C trong vong 24h. Nghién min, sau
d6 nung ¢ 200°C trong vong 4h.

2.2. Piéu ché Hidrotanxit/yAl.O3

Cho luong y-Al,03 vao giai doan hinh thanh két
tia 2 mudi trén. Luong hidrotanxit dugc st
dung bang 5% lugng y-Al,Os. Gia héa hdn hop,
gitr pH khoang 8-10, nhiét d6 65°C trong 24h.
Rira hdn hop dén pH=7, siy 80°C trong vong
24h. Nghién min. Pem nung & nhiét d6 450°C,
trong vong 3 gio. So dd quy trinh Hinh 1[2].

Han hop két taa 2 mudbi
y-AlLO Mg(NOs)2.6HO
23 AI(NO3)3.9H20 trong Na2CO3

Gia hoa & 65 C, , l -
gitt pH = 8-10 Khuay 1h ¢ 65 C,
trong 24 gis  [€] it pH=8-10

A 4

Sy & nhiét do Nung & nhiét do
0 Y

80°C trong 24h [ ™| 450 C trong 3 giv

v

Hinh thanh xuc tac
hidrotanxit/ y-AI203

Hinh 1. So do quy trinh diéu ché hidrotanxit /y -
A|203

2.3. Phan w@ng este hda chéo mé bo thai tao
biodiesel

Nguyén liéu cho phan ng este chéo héa la mé&
bo thai c6 chi sb axit tu do la 5,3. Da loai cin
bang phuong phép loc va hit 4m bang silica gel.
Lap h¢ thong thiét bi phan ung este chéo hoa.
Cho xuc tac va metanol vao binh cau, khuay
déu trong khoang 15 phat. Cho tir tir m& vao,
khudy déu hdn hop phan tng va duy tri nhiét do
trong khoang 65°C trong vong 8 h. Sau do
chung cat metanol ra khoi hdn hop san pham s&
tach pha. Loc trén gac y té dé loai xtc tac, hdn
hop sau phan tmg dwoc chuyén sang phéu chiét
500 mL, d& ling trong 8-12 gid. Luc nay hdn
hop phan ng tach thanh 3 pha: Pha nhe chu
yéu 1a metyl este, c¢6 1an metanol du va mot it
san pham glyxerin. Pha ning chu yéu la
glyxerin va hdn hop m& bo chua phan tng [3].
Khi hdn hop phan tmg da tach 16p thi rira bang
nuéc nong nhidu lan dé tach metyl este. San
pham sau khi rira dugc cho vao céc thay tinh va
say & khoang 100°C dé loai nuéc. Sau cung,
dem hip phu bang silicagel dé loai hét phan
nuée du con lai. Bé khao sat anh huong cua ty
1 xtic tac ddi voi phan wng este hda chéo md bo
thai ta gitr 6 dinh mot sb thdng sb sau day: Thé
tich ma bo thai: 30 mL, ham luong xUc tac véi
3 ty 1¢ khdi luong xdc tac/ma 1a 1/4, 1/5, 1/6
trong metanol, nhiét do phan tng ¢ 65°C, ty 1€
V(metanol)/V(mL 1a m& bo) la 18/1, toc do
khudy 750 vong/pht.

2.4 Cac phwong phap nghién ciru dac trung
ciu truc vt liéu

Vit liéu sau khi tong hop xong duoc xac dinh
cac dic trung cAu truc bang phuwong phap nhiéu
xa tia X (XRD) dé xac dinh thanh phan pha,
kich thudc trung binh cua tinh thé. Luong
biodiesel diéu ché dwoc dic trung thanh phan
bang phuong phap phd GC-MS.

3. KET QUA VA THAO LUAN

3.1. Két qua nghién ciu sw hinh thanh pha
xuc tac hidrotanxit

Két qua chup phé XRD cua hidrotanxit tong
hop dem nung & 450°C va 200°C nhu sau:
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Hinh 2. Két qua hidrotanxit nung ¢ 200°C

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample 1

Hinh 3. Két qua hidrotanxit nung ¢ 450°C
Két qua chup phd nhiéu xa tia X goc rong (26 =
10+80°C) cua c4c mau cho thdy, trén phd dd
xuét hién cac tin hiéu dic trung cho cAu trac cua
hidrotanxit & gia tri 26~11,5°C va 23°C, 34,5°C
day 1a nhirng dinh peak dic trung cho nhém hop
chét kiéu hidrotanoxit. Céc tin hiéu nhiéu xa cua
mau hidrotanxit ¢a nung & 200°C khdng rd rang
nhu d6i v6i phd nhidu xa tia X ciia mau
hidrotalcite nung ¢ nhiét d6 450°C. Piéu nay la
do khi nung & 200°C thi cac phan tir nudc va
COs* & 16p xen giita 2 16p hidroxit van con.
Nung & nhiét dd cao hon thi hdn hop hidrotanxit
da tao thanh MgO tinh thé va spinel dong thoi
nude s& bi mit dau tién sau d6 1a dehidro hoa va
phan huy COs? tao thanh CO, khién ciu tric
x6p, dién tich bé mit ting 1én.

Nhur vdy, qua phd d6 nhidu xa XRD cho thay da
ché tao thanh cong xuc tac hidrotanxit. Pong
thoi, két qua ciing chi ra rang mau nung &
450°C cho dinh peak rd nét hon nén do ddng
déu vat liéu cao hon, cdu trac bé mit xbp va

dién tich bé mat cao hon.

3.2 Pic trung cAu trac vat
Al203/hidrotanxit
XRD cua hidrotanxit/y-Al,O3 véi 2 mau xuc tac

nung ¢ 450°C.

liéu v-
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Hinh 4. XRD cua hidrotalcite/ y-Al,Osnung ¢
450°C

Quan sat phé chup XRD cua mau y-
Al,O3/hidrotanxit dugc nung & 450°C cho thiy
cac dinh peak xuat hién rd rang va cac dinh
nhiéu xa tai 26 la 38,5°C, 46°C, 67°C dic trung
cho pha nén cia y-Al,O. Ngoai ra, ciing xuat
hién mot sb tin hiéu dic trung cho pha spinel
hinh thanh trén chat mang nhém oxit tai gié tri
26~31°C, 37°C va 55,5°C (so s&nh v¢i JCPDS
cua Trung tam di liéu nhiu xa Quéc té) va céac
tin hiéu dic trung cho sy hinh thanh cua
hidrotanoxit ¢ gid tri 26~11,5°C va 23°C,
34,5°C. Pay c6 thé l1a nguyén nhan dan téi su
giam d tinh thé cua vat liéu nén y-Al,Oz. Nhu
vay, Mg c6 thé ton tai & dang vo dinh hinh trén
thanh ciu trdc tinh thé y-Al,03 hoic ciing ¢ thé
ton tai & dang spinel MgAl,O4 trén nén nhdm
oxit. M6t sb nguyén tir Mg, (ban kinh ion Ién
hon AI%*) da thay thé cac nguyén ta nhom, lam
thay d6i do6 dong déu cua cau trGc mang tinh
thé, tham chi pha v& mot phan ciu tric mang
tinh thé. Nhu vay hidrotanoxit da tich hop thanh
cong trén nén vat ligu y-Al,O [4,5].

Vat liéu hidrotanxit/y-AlO nung & 450°C s¢
duoc st dung lam xdc tac cho qua trinh este
chéo hoa dau m& thai dé tao biodiesel.

Thyc hién 3 phan ng este chéo héa dau thai
bing xuc tac hidrotanxit/y-Al,Oz nung & 450°C
theo céc thoi gian phan tng khac nhau. Moi
mau phan ung duoc tién hanh vai ty 1¢ thé tich
metanol/m& bo ~ 16:1 (30 mL m&, pp ~ 0,85
g/mL va 500 mL metanol, pm = 0,8 g/mL), ham
luong xdc tac thay doi so voi khdi lwong dau;
nhiét d6 phan ang trong khoang 65°C. Hiéu suat
phan @ng c6 thé dugce danh gia théng qua khoi
lugng metyl este sau xu Iy va hién tugng tao
nhii khi rua.



3.3. Két qua sau khi thuc hién phan @ng este
héa chéo
3.3.1. Khdo sat anh hwong cua hogat tinh xic
tdc doi véi phdan iing este hoa chéo
Két qua nghién ciru anh huong cua ty 1¢ xdc
tac/dau dén lugng glyxerin thu duoc va hién
tugng tao nhii dugc thé hién ¢ Bang 1.

Bdng 1. Khao sét anh huong cua ty ¢ xtc

tac/mo
Ti 18 khbi Lwogng .
, . Hién twong
lwgng xdc  glyxerin thu ’ .
. . tao nhii
Mau tac/mée dwgc(ml) :
M1 1/4 35 Tao nhil
nhiéu
Hau nhu
M2 1/5 41 khong tao
nhl
Hau nhu
M3 1/6 3,8 khong tao
nhii

Dua vao luong glyxerin thu dugc va hién tuong
tao nhii, ta thiy o ty 1¢ xdc tac/md la 1:5, thoi
gian phan ting 1a 8 giv 1a ty 1¢ téi wu cho phan
g tao biodiesel vi hién twong tao nhii it nht.
Hién tuogng tao nhii c6 thé do m& thai sau xir ly
van khdng khan hoan toan, van con lan mot
lugng nuée, dudi tac dung cua xtc tic bazo sé
thuc day phan @ng thay phan triglyxerit thanh
axit béo va diglyxerit, khi rira bang nuéce thi co
hién twong tao nhii nhiéu. Pay 1a nguyén nhan
lam giam hiéu suit phan ung tao metyl este.
Ngoai ra, cac mono- va diglyxerit 1a nhitng chét
¢6 khdi lugng phan tir trong ddi lon, khd bay
hoi. Chinh vi vay néu phan tich bing GC céc
san pham nay sé& rat dé nam lai trong cot sac ki,
lam anh huong toi két qua phan tich. Nguyén
nhan cd thé 1a do phan ung da dat téi can bang,
va tién hanh phan ng qua dai c6 thé tao ra cac
san pham cua phan ng nghich (mono va
diglyxerit) hodc xay ra cac phan tng phu (oxi
hoa, thom hoa, decarboxyl hoa...) dudi tAc dung
cua nhiét do cao. C6 thé sy tiép xuc cua xuc tac
va phan tir m& bo chua hoa toan, do sy can tro
cua viéc phan tach pha do hé théng khuiy chwa
lién tuc. Két qua 1a ta thu dwgc san pham c6
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hiéu suit khdng cao. Thanh phan metyl este
trong mau san pham véi ti 1¢ phan tng xdc tac/
dau 1/5 véi do chon loc san phiam cao, duoc Xac
dinh bang phwong phap GC-MS.

Bang 2. Thanh phan cac metyl este trong mdu
biodisel thu dwoc

£ Tylé

Chat (z;))
9-octadecenoic acid (Z), methyl ester 38,69
Hexadecenoic acid, methyl ester 1,68
8,11 — Octadecenoic acid, methyl ester
9,12 - Octadecenoic acid, methyl ester 14,17
10,13 — Octadecenoic acid, methyl
ester
Octadecanoic acid, methyl ester 19,06
Tetradecanoic acid, methyl ester 1,5
Pentadecanoic acid, metyl ester 22,89
11-eicosenoic acid, metyl ester 1,2
Octadecenoic acid, metyl ester 15

Céc este chiém ham lugng cao nhat trong san
pham 1a methyl ester cua 9-octadecenoic acid
(2) (38,69%), methyl este cua Octadecanoic
acid (14,17%), methyl este cua Octadecanoic
acid (19,06%), methyl este cua Pentadecanoic
acid (22,89%). Pho khdi lwong c6 do tin cay cao
tir 96-99%.
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Hinh 6. Pho khéi lirong
(1): cuia san phdm metyl ester cua axit
octadecanoic; (2): cua metyl ester cua axit 9-
hexadecenoic; (3): cua metyl ester cua axit
tetradecanoic; (4): cua metyl estercua axit 11-
eicosenoic.

Séc ky dd c6 duong nén phing, cac pic sic
nhon, ching t6 san phdm sach va cé rét it cac
san pham phu (monoglyxerit, axit...). Cac thanh
phan chinh cua san phim duoc xac dinh bang
phd MS véi do tin cay cao.

4. KET LUAN

Pi ché tao thanh cong hé xdc tac hidrotanxit
tich hop trén nén y-Al,O dugc nung & nhiét do
thich hop 1a 450°C. San pham téng hop da
dugc dic trung ciu trdc bang phwong phéap
nhiéu xa XRD cho thiy sy xuit hién cua céc

®

4
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pha hidrotanxit trén nén miu »-Al,Os, kich
thude ¢& hat nano voi do dong déu cao. Didu
ché thanh cong biodiesel dya vao phan @ng
este chéo hod m& dong vat thuc vat thai véi
hiéu suit cao véi ti & xic tac/ dau = 1/5.
Biodiesel thu dwoc dic trung bing phuong
phap pho khéi GC-MS cho thiy thanh phéan
cha yéu 1a cac metyl este cua cic axit béo dic
trung va c6 do tinh khiét cao.
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