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Abstract

Several imidazolium-based ionic liquids were prepared and screened as catalysts for the esterification of oleic acid
with methanol. The experimental results showed that both the type of anion and the length of alkyl chain in the cation
have effects on the catalytic activity of ILs. In all of the ILs investigated, 1-decyl-3-methylimidazolium hydrogen
sulfate (C1omimHSO,) performed the best activity.The esterification of PFAD in the precence of C;omimHSQO, was
investigated. This catalyst showed good catalytic under mild conditions, the conversion of PFAD could reach 97.82 %
after the esterification was carried out at 65 °C for 4 h. Futhermore, the catalyst could be reused at least 5 times,
showing good operational stability. Thus, C;,;mimHSOQO, is a promising catalyst for conversion of high free fatty acid
(FFA) feeds to biodiesel.
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1. MO PAU budc tinh ché. PFAD (ngudn gbc Calofic, Viét Nam)
¢6 thanh phan hoa hoc dugc trinh bay trong bang 1.

Trong nhing nim gan day, chat long ion Bang 1: Thanh phin hoa hoc ciia PFAD

(IL)véi vai tro XUc tac cho chuyén hoa biodieselda

thu hit duogc nhiéu sy quan tam chu y cua cac nha TT | Axit Ham luong, %

nghién cuu. Xuc tac IL c6 rat nhieu uu diém vé k¥ -

thuat, cong nghé nhu hoat tinh cao & didu kién nhiét 1 | Palmitic 28,09

do, ap suat thuong; thich hop voi hau hét cac loai 2 | Linoleic 18,02

nguyén li¢u; dé tach ra khoi san pham [1-7]. Hi¢n 3 | Oleic 43.47

nay,phan 16n cac xuc tac IL hoat dong tot & khoang -

nhiét do 130-170 °C v6i ham lugng xtc tic dudi 10 4 | Stearic 9,53

% hodc & khoang nhiét do dudi 100 °C v6i ham 5 | Khac 0,89

lugng xuc tac 20-24% [1-6]. Piéu nay khién cho gia
thanh cia san phdm biodiesel van cao, chua dap tng
yéu cau cong nghiép.

V&i muc tiéu tim ra mot loai X(c tac ¢6 hoat tinh
cao & khoang nhiét d6 va ham lugngthdp hon, bai

Phd *H va *C NMR cua IL duogc ghi trén may
Bruker AVANCE-500 MHz va Bruker AVANCE-
250 MHz. Tinh chit nhiét cua IL dugc nghién ctru
bao nay di vio tong hop mét sb IL va sang loc hoat €N may DTG-60H Sh'madzu'xTh}ét bi Hanna HI-
tinh xtc tac cua ching ddi voi phéan ung este hoa. 8‘?’ 14 PH meter duqc su 'c.h_mkg dé Xac dinh g tr) pP}
Xdc tac IL t6t nhét duoc sk dung dé téng hop cuaO cac dung dich IL véi nong do 0,1M ¢ nhiét do
biodiesel tir nguyén liéu hdn hop axit béo phé thai 20°C.
clia qua trinh tinh luyén dau co (PFAD). .
2.2. Tong hop IL

2. THUC NGHIEM . . . .
2.2.1. Tong hop IL 1-metylimidazolium (HmimX)

2.1. Hoa chit va thiét bi , , ,
Nho giot dung dich nude chira 0,2 mol HX (véi

Céc hoa chét co6 ngudn gde tir Sigma-Aldrich va X la Cl, BF,, CHs;SOs va HSO,) vao 0,2 mol N-

Spectrum China dugc sir dung truc tiép, khong qua metylimidazol (mim) da duoc lam lanh §§n Yé 0°C
’ ’ ’ trong diéu kién c6 khudy. Sau d6 khuay hon hop
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phan tmg trong 2 gid ¢ nhiét do phong. Két thuc
phan tng, san phim dugc siy ¢ 90 °C dudi ap suat
0,1 Bar trong 12 gio dé loai bé nudc. San pham thu
duogc 13 cac chit 1ong khong mau hoic vang nhat,
sanh.

222. Téng hop 1-ankyl-3-metylimidazolium
hydrogen sulfat (C,mimHSO,)

Quy trinh tong hop C,mimHSO, gom 2 giai
doan.

Tong hop  1-ankyl-3-methylimidazolium  bromid
(C,mimBr).

2,2 mol cua 1-bromoankan (1-bromobutan, 1-
bromohexan, 1-bromooctan hodc 1-bromodecan) va
2 mol mim dung trong binh ciu dung tich 1000 ml
¢ lap khudy tir va sinh han. Khudy hdn hop qua
dém & nhiét d¢ phong, sau do khuéy & 60 °C trong
72 gio. Sau phan ung, san pham dugc rira 3-5 1an
bang etyl axetat va sdy dudi dung moi trong tu sdy
chan khong & 70 °C dudi ap suét 0,1 Bar.

Trao déi anion HSO,

2 mol CymimBr (véi n = 4, 6, 8 hoac 10) duoc
dung trong cdc thuy tinh chiu nhiét dung tich 1000
ml va lam lanh vé 0 °C. Nho giot cham 2 mol H,SO,
(98 %) vao C,mimBr. Khudy hdn hop phan tng & 0
°C trong 8 gid, sau d6 & 80 °C trong 72 gid dé hinh
thanh C,mimHSO,. San pham la cac chit long co
mau vang do, do ddm mau va d¢ sanh cua san phém
tang theo chidu ting d6 dai mach ankyl.

2.3. Phan wng este hoa axit béo

Phan ung duoc tién hanh trong binh cau 3 ¢b
dung tich 100 ml c6 ldp sinh han, nhiét ké va khudy
tr. Toc d6 khudy duoc gitt khong dbi (500
vong/phut) trong moi thyc nghiém.

Hon hop sau phan tng dugc lam lanh ngay vé
nhiét do phong va chuyén sang phéu chiét. Sau khi
dé lang, hdn hop tach thanh 2 pha. Mot pha giau san
pham metyl este va nguyén liéu du, pha con lai giau
xuc tac, nudc va metanol du. Pha gidu san pham
metyl este duoc tach riéng va rira vai lan bang nudc
néng (70-80 °C) sau d6 sdy & 110 °C trong 8 gio.

Xtc tac duoc thu hdi va tai sir dung sau khi da
loai bé methanol du va nuéc & 90 °C trong 24 gid
dudi ap suét thap (0,1 Bar).

2.4. Phén tich san phim

San phérn cua phan ung este hoa duoc xac dinh tri
sO axit theo tiéu chuan ASTM D974. D6 chuyén hoa
nguyén liéu duoc xac dinh theo tri sb axit ciia nguyén
liéu ban du va san pham theo cong thirc [3, 6].
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Pham Thi Nam Binh va cong sy
A, — A
=100.-2—=
. 4 . Y o . N
Trong do, Agla tri s axit cua nguyén li€u ban dau
va A, 1a tri sO axit cua san pham.

C%

3. KET QUA VA THAO LUAN

3.1. Sang lgc xuc tac IL cho phan wng este hoa

Quad trinh sang loc xuc tac dugc thuc hién thong
qua phan ng este hoa axit oleic trong sy cd mat cia
cac IL & nhiét do 65 °C trong 2 gid voi ty 1€ mol
methanol/oleic = 2, IL chiém 10 % khbi lugng axit.
Céc két qua vé do chuyén hoa axit oleic khi sir dung
xuc tac IL va gia tri pH cia dung dich IL dugc trinh
bay trong bang 2.

Bdng 2 : Do chuyén héa axit oleic va gia tri pHCAc

dung dich 1L
STT|  Xdctac bo Ch(‘ﬁ,/{gn héa |
1 | HmimCl 7.62 478
2 | HmimBE, 16,50 2,30
3 | HMIMCH,SO, 22,67 1,52
4 | HmimHSO, 19,65 161
5 | C,mimHSO, 43,59 1,49
6 CsmimHSO, 56,20 1,47
7 | CamimHSO, 72.35 143
8 | ComimHSO, 78.96 1,28

Céc IL (1-4) c6 chung cation nhung khac nhau
vé anion. So sanh gia tri do chuyén hoéa axit thu
dugc sau phan ung este hoa sir dung cac xuc tac nay
cho thdy anion c6 anh hudng rd rét dén hoat tinh xtc
tac cuia IL. Gia tri pH cua cac dung dich IL cho thiy
d6 axit tang theo trat tu cua day: HmimCl <
HmimBF,; < HmMimHSO, < HmMimCH;SO;. Ciing
theo trat tw niy ma gia tri do chuyén héa tang. Trong
4 1L ké trén, HmimCH,3SO; ¢6 hoat tinh cao nhét,
sau d6 dén HmimHSO,. Hoat tinh xuc tac cua IL
chira anion HSO, thp hon khong nhiéu so voi anion
CH3S0O;, song nd lai 6 thé tong hop tir hoa chat phd
bién va c6 gia thanh thap hon rat nhiéu. Do do,
HSO, duoc lwa chon la anion cua cac IL khao sat
tiép theo.

Cac 1L(4-8) gibng nhau vé anion va chi
khéc nhau vé do dai mach ankyl & nhom thé N(1)
trong cation. Khi so sanh gia tri pH cac dung dich
IL(4-8) ta c6 duoc thir tu ting d6 axit nhu sau:
HmMmimHSO, < CmimHSO,; < CgmimHSO, <
CemimHSO, < C;0mimHSO,, day ciing 1a chiéu ting
d6 dai mach ankyl. Co thé giai thich diéu nay 1a do
mach ankyl cang dai thi kha niang tach H" ra khoi



TCHH, T. 53(1), 2015

cation cang dé, dan dén do6 axit cang cao [7]. Quan
sat thay gia tri do chuyén hoa ciing tang theo trinh tyr
cua day trén. Nhu vay, mach ankyl trong cation cang
dai, d¢ axit cua IL cang cao thi do chuyén hoa axit
thu dugc cang 16n.

Qua cac két qua thuc nghiém cho thiy hoat tinh
xuc tac cua IL trong phan Uung este hoa axit béo co
thé thay do6i dugc bang cich didu chinh anion
va/hodc cation ciu thanh nén IL. Trong 8 IL duogc
khao sat trong bai bao nay, C;omimHSO, c6 hoat
tinh xuc tac tot nhit. Do chuyén hoa axit oleic dat
78,96 % ¢ nhiét do 65 °C trong thoi gian 2 gio véi ty
1& mol metanol/oleic la 2, ham lugng xuc tac 10 %
so voi khdi Iugng oleic. XUc tac CyomimHSO, dugc
lva chon dé nghién ctru didu kién chuyén hoa
biodiesel tir nguyén li¢u thyc 1a PFAD.

3.2. Céc yéu to6 anh hwéng dén chuyén hoa este
tr nguyén liéu PFDA sir dung xuUc tac
ClomimHSO4

Céc yéu t6 anh huong dén phan ung este hoa
PFAD dugc khao sat bao gom: ham lugng xtc tac,
ty 1& mol metanol/PFAD, nhiét d¢ va thoi gian phan
ung.

3.2.1. Ham luwong xUc tac
Cac thuyc nghiém dugc tién hanh ¢ diéu
kiénnhiét d6 65 °C trong 6 gid, voi ty 1& mol

metanol/PFAD = 2:1, ham lugng xuc tac dugc khao
sat trong khoang tur 0-15 % (tinh theo khoi luong

PFAD).
0 2.5 5 7.5 10 15

100
Ham luong xuc tac, % khéi lugng PFAD
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Do chuyén hoa PFAD, %

o

Hinh 1: Anh huéng cua ham lugng xtic tac dén
d6 chuyén héa PFAD

Két qua cho thdy xu hudng ting do chuyén hoa
PFAD khi tang ham lugng xuc tac (hinh 1). B9
chuyén hoa tang tir 7,2 dén 88,2 % khi ham lugng
xuc tac tang tir 0 1én 10%. Khi tang ham luong xtic
tac 1én mot lwong dang ké (15 %), do chuyén hoa chi
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tang nhe (89,4 %). Vi vay, ham 1u(yng C1omimHSO,
dugc lya chon 14 10 % so véi khoi lugng PFAD.

3.2.2. Ty I¢ mol giiza metanol va PFAD

Céc thuc nghiém duoc tién hanh & diéu kién 65
°C, 6 gid, ham luong xuc tac 10 % (tinh theo khdi
lugng PFAD), ty 1¢ mol metanol/PFAD dugc khao
séat trong khoang 1+27. Két qua duoc trinh bay trén
db thi hinh 2.

Khi ty 1¢ mol metanol/PFAD tang tir 1 1én 9, do
chuyén hoéa tang tir 71,7 1é€n 97,9 %. biéu nay phu
hop voi nguyén 1y chuyén dich cin bang. Khi ty 1¢
mol metanol/PFAD ting 1én dén gia tri 18 va 27, do
chuyén hoa PEAD hau nhu khong thay doi.

1 2 5 9 18 27

Ty 1€ mol methanol/PFAD

Hinh 2: Anh huéng cua ty 1¢ mol metanol/PFAD
deén do chuyén hoa PFAD

100
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Do chuyén hoa PFAD, %
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Diéu nay dugc giai thich 1a do PFAD va xuc tac
da bi pha loang khi sit dung mét lugng qua du
metanol, lam giam kha ning tiép xuc giira ching,
dan dén l1am giam hiéu qua cua qua trinh. Thém vao
d6, metanol c6 mit véi mot lugng 16n trong hon hop
s& tang chi phi qué trinh tach va tinh ché san pham.
Do vay, ty 1€ mol metanol/PFAD thich hop 1a 9.

3.2.3. Nhiét do phan ung

Céc thyc nghiém duoc tién hanh ¢ diéu kién ty
1€ mol metanol/PFAD = 9, ham lugng xuc tac 10 %
(tinh theo khdi lwong PFAD), thoi gian phan tng 6
gi0, nhiét d6 phan Gmg duoc khao sat trong khoang
35-75 °C.

Quan st thiy xu hudng ting do chuyén hoa khi
tang nhiét do phan Gmg (hinh 3). O 35 °C, d6 chuyén
hoa PFAD chi dat 78,5 %. Tang nhiét do 1én 65 °C,
d6 chuyén hoa PFAD ting 1én 97,89 %. Tuy nhién
khi nhiét d6 phan tUng ting 1én 75 °C, gia tri do
chuyén hoa PFAD thay ddi khong dang ké.

Nhu véy, nhiét d6 thich hop cho phan ung
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chuyén héa PFAD bang metanol sir dung xic tac
ClomimHSO4 14 65 °C.

35 45 55 65 75

Nhiét d6 phan tGng, °C

Hinh 3: Sy phu thudc d6 chuyén hoa PFAD vao
nhiét d6 phan ing

100
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Do chuyén hoa PFAD, %
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3.2.4. Thoi gian phdan ing

Céc thyc nghiém dugc tién hanh & diéu kiénty 16
mol metanol/PFAD = 9, ham lugng xuc tac 10 %
(tinh theo khdi luong PFAD), nhiét d0 phan ung 65
°C, phan ung kéo dai tir 1-7 gid. Su phu thugc do
chuyén hoa vao thoi gian phan tng dugc thé hién
trén d6 thi hinh 4.

100
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Do chuyén hoa PFAD, %
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2 3 4 5 6
Thoi gian phan tng, gio

Hinh 4: Anh huéng cua thoi gian phan ng dén
d6 chuyen hoa PFAD

D) thi sy phu thudc d6 chuyén hoa PFAD vao
thoi gian phan tng c6 thé chia thanh 3 giai doan. O
giai doan dau tién, phan Gng gitta mot lugng du
metanol véi nguyén liéu dd xay ra twong doi dé
dang, két qua 1a trén 89 % nguyén liéu dugc chuyén
hoa thanh san phamtrong 1 gio. O giai doan 2, lugng
nguyén liéu giam dang ké da lam cho toc do phan
tmg cham lai, d6 chuyén hoa nguyén liéu dat gié trj
97,82 % sau 4 gio phan ung. Trong giai doan 3,
phan tng este hoa tién dén trang thai can bang, do
chuyén héa gin nhu khong thay d6i khi kéo dai thoi
gian phan ung tir 4 dén 7 gio. Do d6, co thé ding
phan tmg & thoi diém 4 gio.
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Tir céc két qua nghién ctru vé phan tng este hoa
gita PFAD va metanol st dung xtc tac
C1omimHSOQy,, c6 thé dua ra diéu kién thich hop cho
phan Umg nay nhu sau: nhiét do phan ung 65 °C, thoi
gian 4 gid, ham lugng xdc tac 10 % so v&i khoi
luong PFAD, ty 1&6 mol metanol/PFAD = 9. O diéu
kién nay, do chuyén hoéa PFAD dat duoc 1a 97,82 %.

3.2.5. Tai sur dung xuc tac

Xc tac sau phan tng dugc tinh ché va sir dung
quay vong trong phan (mg chuyén héa PFAD & cling
diéu kién phan tmng.

Céc s6 lidu dua ra trong bang 3 cho thay sy giam
nhe d6 chuyén hoa sau mdi lan tai st dung xuc tac,
diéu nay c6 thé giai thich 1a do trong qué trinh tach
va tai sinh da xay ra sy mat mat xc tac. Sau 5 1an sir
dung xtc tac, do chuyén héa nguyén liéu giam
khoang 3 %.

Bdng 3: Do chuyén hoa PFAD sau mdi vong tai
str dung xuc tac C;omimHSQO,

S6 vong chay Do chuyén hoa (%)
1 97,82
2 97,14
3 96,38
4 95,75
5 95,01
6 94,71
4. KET LUAN

D3 tong hop thanh céng va thir nghiém hoat tinh
xuc tac trong phan (ng este hda cua 8 IL axit
Bronsted trén co so imidazolium. Két qua cho thay
C1omimHSO, c6 hoat tinh xuc tac tot nhat.

Qua trinh chuyén hoa este tir nguyén liéu phé
thai 1a PFAD sur dung xuc td&c C;omimHSO, cho
hiéu qua cao. 97,82 % PFAD duoc chuyén hoa
thanh este & diéu kién 65 °C trong thoi gian 4 gio.
Hon nita, X(c tac ¢6 thé s dung 5 1an véi d6 chuyén
hoa dat 95-97,8 %. Pay la mot xdc tac co tiém ning
cho qué trinh chuyén héa este tir cac nguon nguyén
lidu c6 tri s axit béo cao.

Loi cam on. CONng trinh nghién cieu nay duoc tai tro
boi Dé dn phat trién nhién liéu sinh hoc dén nam
2015, tam nhin dén nam 2025, Bo Céng Thuong.
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Phu luc

Dir lidu phd 'H-NMR, *C-NMR, va TG-DTA
clia tit ca cac ILs tong hop trong bai bao:
1-methylimidazolium hydrogen sulfate: '"H NMR
(500 MHz, D,0): & = 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. Nhiét do phan
htty cia HmimHSO,: 363,02 °C.

1-methylimidazolium cloric: *H NMR (500 MHz,
D,0): & = 3,889 (s, 3H); 7,406 (s, 2H); 8,624 (s,
1H); ®C NMR (125 MHz, D,0): & = 35,517,
119,522; 123,030; 135,029. Nhiét d6 phan hiy cua
HmimCl: 235,76 °C.

Hoat tinh xuc tac cua cdc chat long...

1-methylimidazolium tetrafluoroborat : 'H NMR
(500 MHz, D,0): & = 3,906 (s, 3H); 7,413 (s,2H);
8,602 (s, 1H); *C NMR (125 MHz, D,0): & =
35,607; 119,656; 123,186; 135,194. Nhiét d6 phan
huay cia HmimBF,: 307,61 °C.

1-methylimidazolium methanesulfonat: 'H NMR
(500 MHz, D,0): & = 2,759 (s, 3H); 3,893 (s, 3H);
7,410 (s, 2H); 8,623 (s,1H) );"*C NMR (125 MHz,
D,0): & = 35,628, 38,648; 119,644; 123,161,
135,137. Nhiét @6 phan huy cua HmimCH;SOs:
326,72 °C.

1-butyl-3-methylimidazolium bromide: 'H NMR
(250 MHz, D,0): 6 = 0,79-0,85 (t, 3H); 1,21-1,24
(m, 2H); 1,77 (m, 2H): 3,83 (s, 3H): 4,10-4,16 (t,
2H); 7.38-7,44 (m, 2H): 8,69 (s, 1H). *C NMR
(62,9 MHz, D,0): & = 12,75 (CHs): 18,83(CH,);
31,38 (CH,): 3596 (N-CHs): 49,40(NCH.,):
122, 21(NCH): 123,61 (NCH): 135,96 (N(H)CN).
Nhiét do phan hay cua C;mimBr: 300 °C.

1-hexyl-3-methylimidazolium bromide: 'H NMR
(500 MHz, CDCly): 6 = 0,86-0,89 (t, 3H); 1,31-1,95
(m, 8H); 4,14- 4,17 (s, 3H); 4,33- 4,36 (t, 2H); 7,38 -
7,72 (s, 2H); 10,28 (s, 1H). ®*C NMR (125 MHz,
CDCly): 8 = 13,68 (CHy); 22,11 (CHy,); 25,60 (CHy);
30,00 (CHy); 30,80 (CHy); 36,48 (NCHy); 49,84
(NCH,); 121,89 (NCH); 123,61 (NCH); 136,91
(N(H)CN). Nhiét do phan huay cta CgmimBr:
296,39 °C.

1-octyl-3-methylimidazolium bromide: ‘H NMR
(500 MHz, CDCls): § = 0,85-0,88 (t, 3H); 1,23-1,94
(m, 12H); 4,12-4,14 (s, 3H) ; 4,32-4,35 (t, 2H); 7,55-
7,73 (s, 2H); 10,25 (s, 1H). *C NMR (125 MHz,
CDCls): & = 13,99 (CH3); 22,48 (CH,); 26,16 (CH,);
28,86 (CH,); 28,93 (CH,); 30,26 (CH,); 31,58
(CH,); 36,68 (NCH,); 50,04 (NCH,); 122,08 (NCH);
123,84 (NCH); 137,05 (N(H)CN). Nhiét do phan
hay cua CsmimBr: 286,02 °C.

1-decyl-3-methylimidazolium bromide : 'H NMR
(500 MHz, CDCly): & = 0,84-0,89 (t, 3H); 1,22-1,92
(m, 16H); 4,09-4,14 (s, 3H); 4,29-4,35 (t, 2H); 7,51
(s, 1H); 7,69 (s,1H); 10,30 (s, 1H). *C NMR (125
MHz, CDCl,): 3 = 13,89 (CHj3); 22,43 (CH,); 26,04
(CHy); 28,78 (CH,); 29,01 (CH,); 29,15(CHy,); 29,23
(CHy); 30,13 (CH,); 31,61 (CH,); 36,54 (NCHy);
49,93 (NCH,); 121,86 (NCH); 123,64(NCH); 137,04
(N(H)CN). Nhiét do6 phan huy cua Ci;omimBr:
289,99 °C.

1-butyl-3-methylimidazolium hydrogen sulfate: ‘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 d6 phan huy
cta C;mimHSO,: 337,29 °C.

1-hexyl-3-methylimidazolium hydrogen sulfate: *H
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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 huy cua CgmimHSO,: 320,33°C.

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

1-decyl-3-methylimidazolium hydrogen sulfate:'H
NMR (500 MHz, D,0): é = 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
do phan hiy cua C,omimHSO,: 342,17 °C.
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