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Abstract

Transesterification reaction between refined coconut oil and methanol was investigated in the present of ionic
liquid 1-(4-sulfonic acid) butyl-3-methylimidazolium methane sulfonate as catalyst. The results show that the methyl
esters content of product exceeds 88 % at 75 °C for 8 hours with methanol/oil/catalyst molar ratio of 12:1:0.15. This
catalyst can be recovered and reused. So it has potential application in transesterification process.
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1. MO DPAU

Cong nghé truyén thong trong san xuét metyleste
cua cac axit béo (FAMES) Ung dung trong san Xudt
nhién liéu sinh hoc di tir nguén dau m& dong, thyuc
vat 1a cong nghé sir dung xtc tac kiém dong thé.
Cong nghé nay réat phu hgp véi nhitng ngudn nguyén
lidu ¢6 ham lwong nudc va axit béo ty do thap. Vai
cac nguyén liéu c6 ham lugng axit béo cao (thuong
1a cac nguyén liéu ré tién, khong canh tranh voi
ngudn luong thuc), cong nghé niay cho hiéu qua
khong cao. Bén canh do, xtic tac dong thé c6 nhugc
diém 1a khong thu hoi dugc sau phan tng, an mon
thiét bi va gay 6 nhiém méi trudng nén khong dap
ung dugc cac tiéu chi cia Hoéa hoc xanh. Vi vay,
viéc tim kiém céc cong nghé va xuc tac moi, c6 kha
ning chuyén hoéa ddng thoi ca axit béo ty do va
triglyxerit thanh FAMEs tré nén rat can thiét. Theo
d6, cac qua trinh st dung xuac tac axit di thé duoc
guan tdm nghién ctru do chiing c6 thé xuc tac cho ca
hai phan ung este hoa va trans-este hoa [1-7].

Cac nghién ctru trén thé gidi cho thiy chit long
ion (IL) v6i vai trd xtc tac ¢ rat nhiéu vu diém nhu
khong yéu cau chit ché vé tri s6 axit trong nguyén
liéu ban dau, d& tach khoi san phém sau phan Ung va
co kha nang tai st dung nhleu lan [3-7]. O Viét Nam
c6 mot sd nghién ctru trién khai vé qua trinh san xuét
FAMES str dung xuc tac di the trén co s¢ cong nghé
goc ciia Han Quéc [8, 9]. V& IL, co thé ké dén mot
s6 nhom tac gia nghién ctu téng hop, dic trung va
ung dung cua IL nhu P. T. S. Nam [10], L. N. Thach
[11,12], B.T. L. Thuy [13, 14]. Tuy nhién chua c6
nghién ctru naolién quan dén tong hop va tmg dung
cac xUc t&c IL cho phan tng este hoa va trans-este

hoa nai trén.

Bai bao nay gidi thiéu cac két qua nghién ciu
téng hop, dic trung va thir nghiém hoat tinh xuc tac
ciia mot sd IL trén co s¢ imidazolium trong phan
g trans-este hoa nguyén liéu triolein va dau dura
tinh luyén.

2. THUC NGHIEM
2.1. Hoa chit va thiét bi

Céc hoa chit ding trong tong hop IL, triolein va
metanol c6 nguon gbc tir Sigma-Aldrich va
Spectrum China duoc sir dung truc tiép, khong qua
budc tinh ché.

Dau dira tinh luyén (tri s6 axit 0,25 mg KOH/g)
c¢6 ngudn goc tir Cong ty Dau Tuong An, Viét Nam.

Céc IL sau khi tong hop duge dic trung ciu tric
bang phuong phap phd cong hudng tir hat nhan trén
may Brucker AVANCE-500 MHz va Brucker
AVANCE-250 MHz va dic trung tinh chat nhiét
trén may DTG-60H Shimadzu.

2.2. Téng hop ILs
2.2.1. Tong hop 1-metylimidazolium hydro sulfat

Nhoé giot dung dich nuéc chua 0,2 mol
H,SO,vao 0,2 mol N-metylimidazol (mim) da duoc
1am lanh sin v& 0 °C trong diéu kién c6 khudy. Sau
d6 khuiy hon hop phan ng trong 2 gio' ¢ nhiét do
phong. Két thic phan Ung, san pham duoc sdy & 90
°C dudi 4p suét 0,1 Bar trong 12 gid dé loai bo nudc.
San pham thu duoc 1a cc chat 1ong khong mau hoic
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vang nhat, sanh.

2.2.2. Tong hop 1-ankyl-3-metylimidazolium hydro
sulfat (C,mimHSOy,)

Phuong phap tong hop C,mimHSO, dugc thyc
hién nhu mo ta trong [15].

2.2.3. Tong hop 1-(4-sulfonic axit)butyl-3-
metylimidazolium metanesulfonat
mimC,4HgSO3H.CH3SO5 va 1-(4-sulfonic axit)butyl-
3-metylimidazolium hydrogen sulfat
mlmC4HgsO3HHSO4

Nho giot 1,4-butan sulton vao mim theo ty 1é
mol 1:1 & nhiét d6 phong, sau d6 khuay hdn hop
phan tmg & 50 °C cho dén khi déng rén hoan toan.
Rura chét rin thu dugc bang dietyl ete va sdy trong
chan khong & 60 °C trong 8 gio. Nho tir tir dung dich
axit CH3SOzH (99,5 %) hodc H,SO, (98 %) vao chat
ran thu dugc theo ty 16 mol 1:1 & 0 °C, sau d6 khudy
hdn hop ¢ 80 °C cho dén khi hoa 1ong hoan toan.
Rira san pham bang dietyl ete va sdy trong t siy &
60 °C dudi 4p suét 0,1 Bar. San phim thu duogc 1a
cac chit long c6 mau vang nhat, sanh.

2.2. Phan @ng trans-este hda

Phan tng duoc tién hanh trong binh cau 3 cd
dung tich 100 ml c6 trang bi sinh han, nhiét ké va
khudy tir. Téc do khudy dugc giit khong ddi (500
vong/phat) trong moi thuc nghiém.

Nguyén li¢u triolein dugc st dung trong phan
(g trans-este hoa dé danh gia hoat tinh cua cac xtc
tac ¢ cung mot didu kién phan tng (75 °C, 1 gio, ty
1€ mol metanol/triolein/xuc tac = 9/1/0,15). Nguyén
liu dau dira tinh luyén dugc sir dung dé nghién ctru
phan ung trans-este hoa trong sy ¢6 mat cua IL cd
hoat tinh xtc tac cao nhét.

Tuy ting thyc nghiém ma rnau duoc lay dinh ky.
Ham lu:o’ng metyl este ctiia cic miu san phdm duoc
xac dinh bang GC-MS theo tiéu chuin EN-14103.
Trudc khi phan tich, mau san pham dugc xir 1y bang
phuong phap chiét véi hdn hop nude va n-hexan
theo ty 18 thé tich 1:1.

D6i véi cac thuc nghiém nghién ciru kha ning
tai st dung cua xuc tac, xuc tac s€ dugc thu hdi, tinh
ché va stir dung quay vong cho phan tmg & cung 1
diu kién.

3. KET QUA VA THAO LUAN

3.1. Sang lgc xdc tac IL cho phan #ng trans-este
hoa

Pham Thi Nam Binh va cong sy

Két qua khao sat hoat tinh xfic tac cta cac
ILdugc trinh bay trén hinh 1. Ham lugng metyl este
ctia san pham cang 16n thi hoat tinh ciia xtic tac IL
tuong Ung cang cao.
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Hinh 1: Két qua khao sat hoat tinh xuc tac ctia IL

C6 thé thidy ring hoat tinh x(c tAc cua
mimC,HgSO;H.CH;SO; cao nhét, sau d6 dén
mimC,4HgSO3H.HSO,. Cac IL nay c6 hoat tinh cao
hon han so véi cac Xuc tac IL con lai. Diéu nay c6
thé giai thich 1a do ching duoc “bd sung” tdm axit
trong cation (nhém SO3H), dan téi lam ting manh
hoat tinh xtc tac.

D6i v6i nhom IL ¢6 cung anion HSO, nhung
khac nhau vé d6 dai mach ankyl trong nhém thé &
cation, quan sat thdy sy ting hoat tinh xuc tac theo
trat tu cua day sau: HmimHSO, < C;mimHSO, <
CsémimHSO, < CgmimHSO, < C;;mimHSO,.
Nguyén nhéan su tang hoat tinh xtc tac ¢ day trén la
do su tang do axit khi do dai mach ankyl tang [3].

Nhu viy, trong s cac IL duoc khao sat,
mMimC,HgSO3H.CH;SO5 ¢6 hoat tinh x0(c tac cao
nhat, ham lugng metyl este ctia san pham dat 26,95
% trong thoi gian 1 gio. Xuc tac nay duoc lua chon
dé nghién ctru phan tng chuyén hoa este tir dau dura
tinh luyén.

3.2. Céc yéu t6 4nh hwéng dén phan wng trans-
este héa dau dwra s dung x0c tac mim
C4HgSO3H.CH3S04

3.2.1. Ty Ié mol xic tac/dau

Két qua khao sat duoc biéu dién trong hinh 2.
Hi¢u qua phan tng thay dbi rd rét khi ting luong
xuc tac. Khi ti 18 xtic tac/dau tang tur 0,05 1én 0,15,
ham luong metyl este ciia san phdm ting tir 32,35 %
lén 74,60 %. Ham lugng metyl este cia san phim
khong ting nhiéu khi ting ty 1¢ xuc tac/dau 1én trén
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gia tri 0,15. Do do, ti 1& xuc tac/dau dugc Iya chon 1a
0,15.
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Hinh 2: Anh huong cua ty 1€ mol xuc tic/dau dén
ham lugng metyl este cua sin pham phén tng
(75 °C, 8 gio, ty 1é¢ mol metanol/dau = 9)

3.2.2. Ty Ié mol metanol/dau

Hinh 3 trinh bdy anh huéng cua ty 1€ mol
metanol/dau dén phan tng.
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Hinh 3: Anh hu¢ng cua ty 1€ mol metanol/dau dén
phan tmg (75 °C, 8 gio, ty 1& mol xtc tac/dau = 0,15)
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Khi ting ty 1& metanol/dau tir 3 1én 12 thi ham
luong metyl este cta san pham tang (tir 54,08 % Ién
88,71 %). Diéu nay 13 hop 1y vi trans-este héa la
phan tng thuan nghich, nén viéc cho du mot chit
phan tmg s& lam can bang dich chuyén vé phia tao
san pham. Ham lugng metyl este ciia san pham ting
lén khong dang ké khi tiép tuc ting ty 18
metanol/dau tir 12 1én 18. Hon nita, lugng metanol
du quéa nhiéu s& 1am cho hén hop phan tmg khé tach
pha, dong thoi ton niang luong dé gia nhiét va dé thu
hdi metanol. Do do, ti 1&6 mol metanol/diu duge lua
chon la 12.

Nghién citu phan vung trans-este hoa...
3.2.3. Nhiét do

Anh hq(”yng ctia nhiét 46 dén phéan tng dugc thé
hién trén d6 thi hinh 4.
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Hinh 4: Anh hudng ctia nhiét o dén phan mg
(8 gi0, ty 1& mol metanol/dau/xuc tac = 12/1/0,15)

Tir hinh 4 cho thiy, ham luong metyl este cia
san pham tang khi ting nhiét d6 tir 45 °C 1én 75 °C.
Tai 75 °C, ham lugng metyl este dat gia tri 16n nhét
(88,71 %). Nhiét d6 75 °C 1a nhiét do hoi luu cia
hon hop phan tng. Do d6, 75 °C duoc lya chon la
nhiét d6 thich hop cho phéan ung.

3.2.4. Thoi gian phan #ng

Anh huong cia thoi gian dén phan tmg dugc
trinh bay trén hinh 5.
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Hinh 5: Su phu thudc ham luong metyl este cua san
pham vao thoi gian phan ng
(75 °C, ty 1& mol metanol/dau/xuc tac = 12/1/0,15)

C6 thé thdy rang tir 2-8 gio, ham luong metyl
este cia san pham tang theo thoi gian phan Ung,
trong do toc d tang nhanh nhat trong khoang thoi
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gian 4 gio dau tién. Tir 8-10 gid, ham lugng metyl
este ctia san pham tro nén khong doi.

Nhu viy, c6 thé dimg phan tng sau thoi gian 8
gio.

3.2.5. Tai st dung xdc tac

Hiéu qua tai sa dung XUc t&c duoc trinh bay
trong bang 1.

Bdang I: Hiéu qua tai st dung xtc tac

S6 lan tai sinh | Ham lugng metyl este cuia
xuc tac san pham sau phan ung, %

0 88,71

1 87,84

2 87,15

3 86,99

4 86,46

5 86,10

C6 thé thay réng,ﬁ sau 6 lan str dung ham luong
metyl este cua san pham van dat trén 86 %.

4. KET LUAN

Da tong hop va thir nghiém hoat tinh xtc tac
trong phan Gng trans-este hda triolein cia 7 chat
1ong ion. Két qua nghién ctru cho thay, chét 1ong ion
MimC,HsSOsH.CH3SO; ¢6 hoat tinh xtic tac tét
nhat. Phan Gng trans-este hoéa dau dira tinh luyén
trén xdc tdc mimC,HgSO3;H.CH;SO; ¢ nhiét do 75
°C trong thoi gian 8 gio, véi ty 1€ mol
metanol/dau/xtc tac = 12:1:0,15 cho san phim cé
ham lugng metyl este dat tir 86,1-88,71 %. Xuc tac
c6 kha nang tai sit dung nhiéu lan. Nhu vay, day la
mdt xuc tac ¢ tiém nang cho cac qua trinh san xuat
FAMEs, déap g cac tiéu chi ctia Hoa hoc xanh.

Loi cam on. Cong trinh nghién cuu nay dwoc tai tro
boi DBé an phat trién nhién liéu sinh hoc den nam
2015, tam nhin déen nam 2025, Bo Cong thuong.
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Phu luc

Dir liéu phé 'H-NMR, *C-NMR, va TG-DTA cua
c4c IL tong hop trong bai bao.

1-metylimidazolium hydro sulfat: '"H NMR (500
MHz, D,0): 6 = 3,791 (s, 3H); 7,308 (s, 2H); 8.525
(s, 1H); *C NMR (125 MHz, D,0): & = 35,582;
119,609; 123,092; 135,131. Nhi¢t d0 phan huy:
363,02 °C.

1-butyl-3-metylimidazolium hydro sulfat: ‘H
NMR (250 MHz, D,0): 6 = 0,91 (t, 3H); 1,29-1,32
(m, 2H); 1,85 (m, 2H); 3,89 (s, 3H); 4,20 (t, 2H);
7,45-7,50 (s, 2H); 8,74 (s, 1H). Nhiét do phan huy
cua C;mimHSO,: 337,29 °C.

1-hexyl-3-metylimidazolium hydro sulfat: 'H
NMR (500 MHz, D,0): 6 = 0,76-0,79 (t, 3H); 1,22
(s, 6H); 1,77-1,80 (t, 2H); 3,81-3,86 (s, 2H); 4,09-
4,13 (t, 3H); 7,35-7,40 (m, 2H); 8,62 (s, 1H). Nhiét
do phan huay: 320,33 °C.

Lién h¢: Pham Thi Nam Binh

Nghién citu phan vung trans-este hoa...

1-octyl-3-metylimidazolium hydro sulfat:
'H-NMR (500 MHz, D,0): & = 0,76-0,78 (t, 3H);
1,17-1,22 (m, 10H); 1,77-1,80 (t, 2H); 3,81 (s, 3H);
4,09-4,12 (t, 2H); 7,35 (s, 1H); 7,39 (s, 1H); 8,62 (s,
1H). Nhiét d6 phan huy: 342,48 °C.

1-decyl-3-metylimidazolium hydro sulfat: ‘H
NMR (500 MHz, D,0): 6 =0,74-0,76 (t, 3H); 1,16-
1,22 (m, 14H); 1,78 (s, 2H); 3,83-3,85 (m, 3H);
4,11-4,14 (t, 2H); 7,39 (s, 2H); 8,69 (s, 1H). Nhiét
d6 phén huy: 342,17 °C.

1-(4-sulfonic  axit) butyl-3-metylimidazolium
hydro sulfat: *"H NMR (500 MHz, D,0): & = 1,618-
1,754 (m, 2H); 1,897-2,103 (m, 2H); 2,817-3,215
(t, 2H); 3,802 (s, 3H); 4,119 (t, 2H); 7,316-7,369
(d, 2H); 8,597 (s, 1H). *C-NMR (125 MHz, D,0): &
= 21,051; 28,208; 35,795; 49,036; 50,194; 122,291;
123,792; 136,063. Nhiét do phan huy: 355,08 °C.

1-(4-sulfonic  axit) butyl-3-metylimidazolium
metanesulfonat: 'H-NMR (500 MHz,
CDCl3;+MeOD): 6 = 1,877-2,289 (m, 6H); 2,764-
2,948 (m, 8H); 7,277-7,624 (m, 2H); 9,194 (s, 1H).
BC NMR (125 MHz, D,0): & = 23,619; 28,810;
36,286; 39,369; 49,155; 49,216; 122,684; 123,570;
137,056. Nhiét do phan huy: 363,17 °C.
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