MO PAU

1. Ly do lya chon dé tai

Nhién liéu sinh hoc Biodiesel v&i thanh phin hoa hoc 14 este cua
acid béo v6i rugu mach ngin, da va dang thu hut duoc sy quan tim
dac biét. Pay la mét loai nhién liéu long cé tinh nang twong tu va cod
thé sir dung thay thé cho loai dau diesel truyén thong. Theo thong ké,
trén thé gidi ndi chung va Viét Nam ndi riéng, ty trong sir dung nhién
liéu diesel chiém tdi 60 % va c6 xu hudng ngdy cang tang. Vi thé,
nhu ciu vé biodiesel trén thé gioi, trong d6 c6 Viét Nam, 1a rat 16n.

Biodiesel duoc téng hop tir diu, m& dong, thuc vat thong qua
phan {rng transeste hoéa triglycerid va este hda acid béo. Xu hudng sir
dung cac nguon nguyén liéu phi thuc phim, phé thai (nhu dau
jatropha, dau vi tao, m&d bo, md ca, hdn hop acid béo phu pham tir
cac qua trinh tinh luyén dau thuc vat va ddu m& di qua st dung ...)
c6 ham luong acid béo cao trong tong hop biodiesel da thuc day cac
nghién ctru cai tién qua trinh xuc tac, dic biét 1a cac qua trinh st
dung xuc tic co hiéu qua cao ddi voi ca hai phan tng este hoa va
transeste hoa.

Dau thé ky 21, mot thé hé xtc tac méi trén co s& chit long ion
(IL-ion liquid) da duoc tap trung nghién ctru. Thé hé xtc tac nay so
hiru nhidu wu diém ciia xuc tac dong thé ciing nhu di thé ran. Ching
c6 mat do tim hoat tinh 16n nén c6 thé cho hiéu suit chuyen hoda cao
& diéu kién ém dju. Mat khac, do IL thuong co ty trong 16n hon so
v6i cac chit tham gia phan @ng nén c6 thé dé tach IL ra khoi hon hop
phan tng, thu hoi va tai st dung. Mot s IL c6 kha ning xtc tac mot
cach hiéu qua cho ca 2 phan ng este hoa va transeste hoa.

O Viét Nam, trong nhitng nim gan déy, viéc nghién ctu téng hop
biodiesel sir dung xtic tac di thé da dat dugc nhiédu két qua trién vong.
Bén canh d6, hudng nghién ciru lién quan dén tong hop va g dung
IL véi vai tro dung moi, xtic tac... cling dugc quan tdm. Tuy nhién,
hudng nghién ctru V& tong hop va ung dung IL véi vai tro xuc tac
cho téng hop biodiesel hién van con dang bé ngo, mic du day la
hudng nghién ctru co nhiéu trién vong.


https://vi.wikipedia.org/wiki/D%E1%BA%A7u_diesel

2. Muc tiéu va nfi dung nghién ciru

Luan 4n da lya chon muc tiéu Nghién citu tong hop xiic tdc chat
léng ion trén co sé imidazolium cho qud trinh tong hop biodiesel.

Pé dat dwoc muc tiéu dat ra, Ludn an da thuc hién cac noi dung
nghién ctru chinh sau day:

1. Nghién ctru tong hop mét sb IL;

2. Pic trung ciu tric va tinh chat cia san phim IL bang cac
phuong phap phan tich hién dai nhu NMR, MS, IR, TG-
TDA, DSC, ..

3. Panh gia hoat tinh xtc tac cua cac IL di téng hop cho phan
ung este hoa acid oleic va transeste hoa triolein, tir do lya
chon ra xuc tac IL c6 hoat tinh tot nhat.

4. Nghién cttu phan ing este hoa nguyén li¢u model chi chira
acid béo sir dung xuc tac IL ¢o6 hoat tinh cao da lua chon.

5. Nghién cttu phan ung transeste hoa nguyén li¢u model chi
chtra triglycerid sir dung xuc tac IL c¢6 hoat tinh cao da lua
chon.

6. Nghién ctru mot sb qua trinh chuyén hoa nguyén liéu thuc
chira ca acid béo va triglycerid sir dung xuc tac IL c¢6 hoat
tinh cao da lua chon.

3. Y nghia khoa hoc va thye tién ciia Luin an

Luan an d4 nghién ctiru tong hop mot cach hé théng 13 IL trén co
s& imidazolium, ddc trung tinh chat va thir nghiém hoat tinh cua
chung cho phan tng este hoa acid oleic va transeste hoa triolein. Xac
dinh duoc cac xuc tac IL c¢6 hoat tinh cao cho phan tng este hoa acid
béo va transeste hoa triglycerid.

Xuc tac IL ¢6 hoat tinh cao dugc str dung dé nghién ciru phan ng
este nguyén liéu acid béo “model” (acid oleic) transeste hoa nguyén
liéu triglycerid “model” (dau dura tinh luyén). Tir d6 nghién ctru tng
dung cac xuc tac IL nay cho qué trinh chuyén hoa nguyén liéu thyuc
thudc nhom nguyén lidu thé hé thir hai (hon hop acid béo phé thai
clia qua trinh tinh luyén dau co-PFAD) va thir ba (dau jatropha).

Qua trinh sir dung xtc tac IL ¢6 cac wu diém nhu: hoat tinh xuc
tac cao, qué trinh tach-tinh ché san phim don gian, tach-thu hdi-tinh
ché xuc tac don gian, xtc tac co kha ning tai sir dung nhiéu lan.



4. Nhirng diém méi ciia luin 4n

e Nghién ciru téng hop 13 IL trén co sé imidazolium véi sy
khac nhau vé anion va d6 dai mach alkyl trong cation, dac
trung tinh chat va khao sat hoat tinh xtic tic ciia ching cho
phan ng este hoa acid oleic va transeste hoa triolein. Xac dinh
dlI(_YC cac IL ClomimHSO4 va mimCAHQSOQ,H.CHsSOs la xuc
tac thich hgp cho phan Gng este hoa acid béo va transeste hoa
triglycerid.

e Nghién cttu phan tng este hoa acid béo “model” (acid oleic)
trong su c6 mit cua xtc tic C1omimHSO,. Xéc dinh duoc diéu
kién thich hop cho phan @ng va cac thong sb dong hoc co ban
1a bac phan ng, hing sé toc d6 va niang lwong hoat hoa cua
phan Gng.

e Nghién ctru phan tng transeste hoa triglyceride “model” (du
dua tinh luyén) trong sy c¢6 mat cia xac tac
mimC4HsSO3H.CH3SO;3 va xac dinh dwoc diéu kién thich hop
cho phan tng.

e Nghién citu so dung =xac tac CiomimHSOs va
mMimC4HsSO3H.CH3SO3 cho qua trinh chuyén hoa nguyén liéu
thé hé tha hai (PFAD) va tha ba (diu jatropha) thanh
biodiesel. Xac dinh dugc diéu kién phan @ng thich hop cho cac
qua trinh nay. Céac xGc tic CiomimHSO, va
mimC4HsSO3H.CH3S0s ¢6 thé xuc tac co hiéu qua dong thoi
cho ca 2 phan Ging este hoa va transeste hoa. Qua trinh tach,
tinh ché san pham nhin chung don gian. Xuc tac ¢ thé thu
hoi, tinh ché va tai sir dung nhiéu 1an vai hoat tinh giam khong
dang ké.

5. B6 cuc ciia Ludn 4n

Luan 4n gom 146 trang: Mé dau (03 tr); Tong quan (37 tr), Thuc
nghiém (18 tr), Két qua va thao luan (64 tr), Két luan (03 tr); Cac
diém mai cua Luan an (01 tr); Danh muc cac cong trinh da cong bd
lién quan dén Luan an ( 01 tr); Tai liéu tham khao gom 135 tai liéu
(16 tr); Phu luc (35 tr). Luan an c6 25 bang, 64 hinh va do thi.



Chuong 1: TONG QUAN

1.1. CHAT LONG ION

1.2. NHIEN LIEU SINH HQC BIODIESEL

1.3. XUC TAC ACID TREN CO SO CHAT LONG ION
1.4. TINH HINH NGHIEN CUU TRONG NUOC

1.5. PINH HUONG NGHIEN CUU

Chuong 2: THUC NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1. Téng hep xic tac IL
2.1.1. Héa chdt, dung cu va thiét bi

Céc hoa chat 1-methylimidazole 99 %, 1-bromobutan 99 % , 1-
bromohexan 99 %, 1-bromooctan 99 %, 1-bromodecan 99 % va 1,4-
butanesultone 99 %, HBF4 48 %, CH3SO3;H 40 %, NaBF4 98 % va
NaPFs 98 % c6 ngudn gdc tir Sigma-Aldrich.

Céc hoa chat NaHSO4.H;0 98 %, HCI 38 %, H,SO,; 98 % co
ngudn gdc tir Trung Quéc.
2.1.2. Nhém IL chira cation 1-methylimidazolium
2.1.3. Nhém IL trung gian I-alkyl-3-methylimidazolium bromide
2.1.4. Nhém IL chira cation 1-butyl-3-methylimidazolium
2.1.5. Nhom IL 1-alkyl-3-methylimidazolium hydrogen sulfat

2.1.6. IL chira cation 1-(4-sulfonat)butyl-3-methylimidazolium
2.1.7. Xac dinh hi¢u sudt cdc phan g tong hegp va dg tinh khiet
cia sdan pham

2.2. Cac phuong phap dac trung xic tac

Xuc tac dugc dic trung cdu trac bang phuong phap phd NMR,
MS(ESI) va IR

Tinh chit cua xuc tac dugc bang cac phuong phap TG-DTA,
DSC.

Céc tinh chat khic duge dic trung bao gom d6 acid, ty trong, do
nhét va d6 dan dién.
2.3. Panh gia hoat tinh xic tac
2.3.1. Héa chdt, dung cu va thiét bi

Céc hoa chit acid oleic 98 %:; triolein 98 %; methanol 99,5 % c6
ngudn gdc tir Trung Quéc.



Nguyén lidu dau dira tinh luyén duoc cung cap boéi Cong ty Dau
thuc vat Tuong An. Nguyén liéu PFAD véi ham lugng acid béo va
triglycerid twong ung 1a 85,49 % va 14,3 % kl dugc cung cap bai
Cong ty Dau thyc vat Cai Lan. Nguyén lidu dau jatropha véi ham
luong acid béo va triglycerid twong trng la 16,99 % va 80,7 % kl
dugc cung cap bai VHHCNVN.

2.3.2. Téng hep biodiesel

Trude tién, hdn hop gdm nguyén liéu (oleic, triolein, dau dura tinh
luyén, PFAD hoic diu jatropha) va methanol dugc dua vao binh cau
3 ¢ co ldp sinh han, nhiét ké va khudy tir. Nhiét ¢ phan tmg duoc
git 6n dinh bang ndi dau. Gia nhiét dén nhiét d6 phan ung trong diéu
kién khudy. Khi dat nhiét do, dung dich xtc tic hoa tan trong
methanol dugc dua thém vao binh phan ing. Luong methanol duoc
tinh toan sao cho tong lwong methanol dwa vao ban dau va luong
methanol ding dé hoa tan xuc tac dang bang lugng methanol can
dung cho phan ung.

Mau duoc ldy dinh ky theo thoi gian va xir Iy dé phan tich chi sé
acid, d6 nhét hoac ham huong methyl este.

2.3.3. Tinh ché sdn pham sau phdn #ng

Han hop sau phan tng duoc 1am lanh nhanh vé nhiét d6 phong va
dé ling trong 2 gio. Sau d6 tach riéng cac pha. Rura pha chta san
pham sau phan tng este hoa bang nudc cat nong va pha chira san
pham sau phan ung transeste héa bang nuéc muodi nong 10 %. Sy
dudi nuéc & 110°C trong 8 gio. Can san pham thu duoc.

2.3.4. Thu héi va tinh ché xiic tic

Pha chira xtc tic duoc chung cat & 65°C dé loai methanol du,
chung cit & 100°C dudi chan khong dé loai nude va ¢ 200°C dudi
chan khong dé loai glycerol. Can phan cin con lai sau chung cét giau
Xuc tac, bd xung thém xtc tic mdi voi luong can thiét va quay vong
tai sir dung cho phan tmg & diéu kién thich hop dé danh gia d6 bén
hoat tinh.

2.3.5. Phdn tich va ddnh gid chdt lwong sdn pham
2.3.5.1. Chi sé acid

2.3.5.2. D6 nhét dong hoc ¢ 40°C

2.3.5.3. Ham lwgng methyl este (FAME)

2.3.5.4. Panh gia chat lugng san pham Biodiesel



Chwong 3. KET QUA VA THAO LUAN

3.1. TONG HQP VA XAC PINH CAU TRUC XUC TAC IL
3.1.1. IL chira cation 1-methylimidazolium

Hiéu suat tong hop cac IL HmimCIl, HmimBF,;, HmimHSO, va
HmimCH;SO; déu dat trén 99 % cho thay cac diéu kién tong hop da
lya chon 1a thich hop. Két qua xac dinh c4u truc biang phé *H va ©*C
NMR va dic trung tinh chat nhiét bang TG-DTA cua cac san phim
HmimX thu dugc nhu sau:
e HmimCIl: 'H NMR (500 MHz, D;0): & = 3,889 (s,3H); 7,406
(s,2H); 8,624 (s,1H). °C NMR (125 MHz, D;0): § = 35517,
119,522; 123,030; 135,029. Nhiét d6 phan hay: 235,76°C.
e HmimBFs: '"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 huy: 307,61°C
e HmMimHSO.: *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 hay: 359,98 °C.
e HmMIMCH3SO03: *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): 6= 35,628; 38,648; 119,644; 123,161; 135,137. Nhiét d6 phan
huy: 326,72 °C.

Két qua phan tich dic trung cho thiy cac san pham c6 céu tric
pht hop Véi cau tric du kién va co d6 sach cao.
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Hinh 3.2: Gian dd TG-DTA miu HmimX

3.1.2. IL trung gian 1-alkyl-3-methylimidazolium bromide

Két qua phan tich phd NMR cho thiy c4u trac cua san pham phu
hop véi cau trac du kién va phu hop véi két qua da cong bd trong
mot s6 tai liéu. Trén phd NMR cia CsmimBr va CsmimBr van quan
sat thay su xuat hién ciia mot sb pic khac véi cudong do thip chirng to
trong cac Mau nay con 1an mot lugng nho tap chat.
e CsmimBr: 'H NMR (250 MHz, D,0): § = 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 (CHa);
18,83(CHz); 31,38  (CH2);  35,96(N-CHs);  49,40(NCHy);
122,21(NCH); 123,61 (NCH); 135,96 (N(H)CN). IR (v, cm™): 3143
(=C-H vong); 3075 (=C-H vong); 2960 (C-Hs alkyl); 2872 (C-H,
alkyl); 1569 (C=N); 1463 (vong); 1167 (C-C vong); 753 (C-N); 623
(C-C). Nhiét do phan huy: 300 °C.
e CemimBr: *H NMR (500 MHz, CDCls): § = 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, CDCls): & = 13,68
(CHa); 22,11 (CHy); 25,60 (CHs); 30,00 (CH.); 30,80 (CH,); 36,48
(NCHs); 49,84 (NCH,); 121,89 (NCH); 123,61 (NCH); 136,91
(N(H)CN). IR (v, cm™): 3143 (=C-H (vong)), 3081(=C-H (vong)),
2931(C-Hs (alkyl)), 2859 (C-H, (alkyl)), 1571 (C=N), 1466 (dao
dong vong), 1168 (C-C (vong)), 761 (C-N), 622 (C-C). Nhiat do
phan huy: 297,5 °C.
e CgmimBr: '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 (CHa);
22,48 (CH,); 26,16 (CH,); 28,86 (CH2); 28,93 (CH2); 30,26 (CH>);
31,58 (CH,); 36,68 (NCHs); 50,04 (NCH,); 122,08 (NCH); 123,84
(NCH); 137,05 (N(H)CN). IR (v,eml): 3144 (=C-H (vong)),



3081(=C-H (vong)), 2927 (C-Hs (alkyl)), 2856 (C-H, (alkyl)), 1572
(C=N), 1466 (dao dong vong), 1168 (C-C (vong)), 760 (C-N), 623
(C-C). Nhiét do phan huy: 286,6 °C.
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Hinh 3.10: Gian @6 TG-DTA miu CamimBr

e CymimBr: 'H NMR (500 MHz, CDCl3): & =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, CDCly): & = 13,89
(CHs); 22,43 (CH.); 26,04(CH); 28,78(CHz); 29,01(CHy);
29,15(CH,); 29,23(CH,); 30,13(CH,); 31,61(CH.); 36,54 (NCHs):
49,93 (NCH,); 121,86 (NCH); 123,64(NCH); 137,04 (N(H)CN). IR
(vem™): 3145 (=C-H (vong)), 3082(=C-H (vong)), 2925 (C-
Ha(alkyl)), 2856 (C-Ha(alkyl)), 1572 (C=N), 1466 (dao dong vong),
1169 (C-C (vong)), 753(C-N), 622 (C-C). Nhiét d6 phan hiy: 289,3
°C.
3.1.3. Nhém IL chira cation 1-butyl-3-methylimidazolium

Két qua phan tich gian d6 TG-DTA cho thay CsmimBF, phan hiy
trong khoang nhiét do 250+450°C vdi 2 pic tai 270°C and 425°C
(hinh.3.11); CsmimPFs phan hily tai 386,90°C (hinh.3.12).
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Hinh 3.11: Gian d6 TG-DTA miu Hinh 3.12: Gién db TG-DTA
CsmimBF4 mau CsmimPFs

3.1.4. Nhém IL 1-alkyl-3-methylimidazolium hydrogensulfat

Két qua phan tich phé NMR va gian d6 TG-DTA cua nhém
CrmimHSO, thu dugc nhu sau:
e C4mimHSO4: *H NMR (250 MHz, D;0): & = 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: 337,29°C.
e CemimHSO4: *H NMR (500 MHz, D,0): § = 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 d6 phan huy: 320,33°C.
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e CsmimHSO4: *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 do phan hay:
342,48°C.

e CiomimHSO:: *H NMR (500 MHz, D,0): § = 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 d¢ phan hiy: 342,17°C.
MS(ESI): +miz: 223,1 (pic co ban); 542,9: 862, 1(hinh 3.16).
MS(ESI): -m/z 194,9; 417,1; 736,7 (pic co ban); 1055,8; 1152,9
(hinh 3.17).
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Hinh 3.16: Phé MS (+ESI) miu C1omimHSO4
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Hinh 3.17: Phd MS (-ESI) miu C1omimHSO4
3.15. Nhom 1IL chika cation 1-(4-sulfonat)butyl-3-
methylimidazolium
San pham trung gian mimCsHsSOs va 2 san phiam chinh
mimC4H8803H.CH3803, mimC4H8503H.HSO4 duqc déC trung béng
phuong phap *H NMR va TG-DTA. Két qua thu duoc nhu sau:
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Hinh 3.23: Gian d6 TG-DTA cac miu mimC,;HsSOs,
mimC4H8803H.CH3803 va mimC4H8803H.HSO4

e Sdn pham trung gian mimCsHsSOs : *H NMR(500 MHz, D20): &
= 9,242(s,1H); 7,543(m,1H); 7,407(m,1H); 4,289 (m,2H); 3,193
(s,3H); 2,868 (m,2H); 2,068(m,2H); 1,822(m,2H). C NMR
(125MHz, D20): 20,919; 28,121; 35,462; 48,792 ; 49,644; 121,915;
122,852; 136,393. Trén gian d6 TG-DTA cua mimC4HsSOs Xxuat
hién 3 pic chinh ¢ cac nhiét d6 152,11 °C dac trung cho qua trinh
chuyén pha rin—Ilong va qua trinh phan hiy caa mimCsHsSO3 xay
ra véi 2 diém mat khdi lon 1a 229,04°C va 361,48°C.

e mimC;HgSO3H.CH3S0;: *H NMR (500 MHz, D,0): 1,772-1,889
(m, 6H); 2,831(m, 8H); 8,078 (m, 2H); 9,194 (s,1H). *C NMR (125
MHz, D,0): & = 21,499; 23,619; 28,586; 36,286; 39,369; 49,313;
122,530; 123,570; 137,056. Nhiét d6 phan hay: 363,17°C.

e mimC;HgSO3H.HSO4: *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
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(125 MHz, D;0O): & = 21,051; 28,208; 35,795; 49,036; 50,194;
122,291, 123,792; 136,063. Nhiét do phan huy: 350,16°C.
3.2. PANH GIA HOAT TINH VA LUA CHON XUC TAC IL
THiCH HQP
3.2.1. Phan trng este héa acid oleic

Két qua vé d6 chuyén héa acid duoc trinh bay trong bang 3.11
cung véi gia tri pH cta dung dich IL tuong tng trong nudc Véi nong
do 0,1M.
Bang 3.11: P9 chuyén héa acid oleic ciia phan &ng este héa acid oleic va

gia tri pH dung dich IL 0,1M

STT Xiic tic Db chuyén héa (%) pH
1 HmimCl 7,62 4,78
2 HmimBF4 16,50 2,30
3 HmimCH3S03 22,67 1,52
4 HmMIimHSO4 19,65 1,61
5 CamimBr 7,82 6,58
6 CsmimBF4 10,35 5,89
7 CsmimPFg 13,71 1,57
8 CsmimHSO4 43,59 1,49
9 CsmimHSO4 56,20 1,47
10 CsmimHSO4 72,35 1,43
11 C1omimHSO4 78,96 1,28
12 mMimCsHsSOsH.CH3S03 79,05 1,22
13 mimC4HsSO3H.HSO4 52,43 1,29

Céc két qua thtr nghiém hoat tinh xtc tac ctia 13 IL thudc cac
nhom khac nhau da cho thdy sy anh huong cua anion va cation dén
ban chat cua IL, tir d6 lam thay d6i hoat tinh xuc tic cua chung.
Trong s6 13 IL ké trén, C1omimHSO4 va mimC4HsSOzH.CH3SO; da
thé hién hoat tinh xtc tac tot nhat dbi vdi phan mg este hoa acid béo.
Do chuyén hoa acid ctia phan tng st dung 2 xiic tac nay khac nhau
khong dang ké, cho thiy hoat tinh cia cac xuc tac gan nhu tuong
duong. Tuy nhién, chi phi héa chat dé tong hop C1omimHSO, thip
hon nhiéu so véi mimC4HsSO3zH.CH3S0s. Do d6, C1omimHSO4 duge
lya chon lam xuc tac cho phan ng este hoa acid béo.

3.2.2. Phan trng transeste hoa triolein

Két qua phan tich ham lwong FAME cua cac san pham sau phan

ung transeste hoa triolein dugc trinh bay trong bang 3.12.
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Nhin chung, hoat tinh cua cac xuc tac trong phan ung transeste
hoa triolein ciing ¢6 xu huéng twong tu nhu d6i v4i phan tng este
héa. Trong s6 13 IL khao sat, mimC4HsSO3H.CH3SO3 c6 hoat tinh
XUuc tic cao nhidt trong phan tng transeste héa. Xic tac IL
mimC4HgSO3H.CH3SO3 do d6 dugce lya chon 1a xtc tac thich hop
cho phan tmg transeste hoa triglycerid.

Bang 3.12: Ham lwgng FAME ctia san pham sau phan teng transeste
hoa triolein

STT Xiic tac sir dung Ham lwgng FAME (%)
1 HmimCl 1,47
2 HmimBF4 2,73
3 HmimCH3S0s3 1,58
4 HmMimHSO4 1,56
5 CsmimBF4 2,35
6 CsmimPFs 3,69
7 CamimBr 1,68
8 CsmimHSO4 7,50
9 CemimHSO4 9,78
10 CsmimHSO4 11,35
11 C10mimHSO4 15,24
12 mimC4HsSO3H.HSO4 23,16
13 mimC4HgSO3sH.CH3SOs 26,95

Keét lugn:

Trong 13 IL da tong hop, IL CiomimHSOy la xiic tdc thich hop
cho phan irng este hoa acid béo va 1L mimC4HgSO3sH.CH3SOs la xuic
tdc thich hop cho phdn trng transeste hoa triglycerid.

3.3. PAC TRUNG CAC TiNH CHAT CUA XUC TAC IL
PUQC LUA CHON
3.3.1 Tinh chit nhiét
Xuc tac ClomimHSO4

Phan tich gian d6 in situ DSC cua xuc tac C1omimHSO, do trong
khoang nhiét do -100 — 50 °C, ta thu dugc nhiét do thiy tinh hoa va
nhi¢t do néng chdy ctia C1omimHSO, 1a -72,58 °C va 5,01 °C. Mot sO
tai liéu nghién ctru vé tinh chit vat 1y cua céc IL chia cation 1-alkyl-
3-methylimidazolium ciing cho thdy nhiét do thiy tinh hoéa cta
chiing nam gén cac Qia tri nhiét do tim duogc.
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Nhiét d§,"C

Giai doan 1: Ha nhiét

Nhiét 4a.5C

Giai doan 3: Ha nhiét Giai doan 4: Tang nhiét

Nhigl lugng, mW

Giai doan 5: Ha nhiét Giai doan 6: Tang nhiét

Hinh 3.26: Gién d0 in situ DSC ciia xiic tdc ClomimHSO4
(khoang do -100+-50 °C)

Xiuic tac mimCsHgSO3H.CH3S03

Phan tich gian d6 DSC cua mau (khoang do -100+50 °C) ta thu
duoc gia tri nhiét do thuy tinh hoa la -85,94 °C. Trong khoang nhiét
d6 phan tich khong xdy ra qua trinh déng tu, két tinh va nong chay.
Vi 1y do nay, mau mimCsHsSOsH.CH3SO3 duge do thém DSC &
khoang nhiét d6 md rong hon, tir -150 °C dén 200 °C. Trén gian d6
nhiét chi xuat hién vai pic ¢ giai doan thiy tinh héa va 1 pic &
khoang 110 °C, twong tng véi su bay hoi ciia nuéc hap phy trong
mau. Tém lai, ddi v&i IL mimC4HsSO3H.CH3SO3 nhiét do thiy tinh
hoa dugc xac dinh -85,94 °C va khong xay ra qua trinh nong chay.
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Giai doan 3: Ha nhiét Qiai doan 4: Tang nhiét
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z

Giai doan 5: Ha nhiét Giai doan 6: Tang nhiét
Hinh 3.27: Gian @6 DSC miu mimCsHsSO3H.CH3SOs3
(khoang do -100+-50 °C)

3.3.2. Ty trong

Ty trong cta C1omimHSO4 va mimCsHgSO3H.CH3SO3 dugce xac
dinh theo TCVN 3731-82 ¢6 gi4 tri lan luot 1a 1,101 g/em® va 1,29
glcm?®.
3.3.3. D) nhét

Do nhét dong hoc va d6 nhét dong luc caa IL CiomimHSO4 &
nhiét do 100°C ¢ gia tri twong tng la 37,5 ¢St va 412,5 cP.

b6 nhét dong hoc va dd nhot dong luc cua 1L
mimC;HgSO3sH.CH3SO3 ¢ nhiét d 50°C co gia tri tuong ung la 24,7
cSt va 319 cP.
3.3.4. Do dan dién

O nhiét @6 25°C, dung dich CiomimHSO4 0,01 M va dung dich
mimC,sHsSO3H.CH3S05 0,01 M c6 d6 dan dién lan luot 1a 0,145
mS/cm va 0,174 mS/cm.
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3.4. NGHIEN CUU PHAN UNG ESTE HOA TREN XUC TAC
IL PUQC LUA CHON
3.4.1. Phan trng este héa acid oleic

Anh huéng cia ham luong xuc tac, ty 16 mol methanol/acid, nhiét
d6 va thoi gian phan tng duoc khao sat va mé ta nhu trén cac do thi
3.30-3.33.

100 100
95

80
20
60
85

P6 chuyén hoa acid, %

=
D6 chuyén hoa acid, %

80
207 75
0 - 70
0 45 91 136 182 227 272 ! P 3 4 56
Ham hromg xte tie so v acid oleic, % ki Ty 1é mol methanol/acid oleic
Hinh 3.30: Sy phu thue @9 chuyén Hinh 3.31: Anh hwéng caa ty [€ mol
héa acid vao ham lwgng xuc tac methanol/oleic dén d6 chuyén héa acid
o 100 100
= = 80 1
s 90 5 60
= £
] 5 40
2 80 1 2
g 520
2 70 “ . — . |
35 45 55 65 75 0 60 120 180 240 300 360 420 480

i&t 46 vhan tme. °C
Nhiét 4§ phan img, °C Thai gian phan {mg, phit

Hinh 3.32: Sy phu thude dd chuyén Hinh 3.33: Anh hwéng ciia thoi gian
héa acid vao nhiét do phan &ng dén d6 chuyén hoa acid

Trén co s& cac két qua thyc nghiém thu duge qua qua trinh khao
sat cac yéu to anh huong dén phan mg este héa acid oleic sir dung
xtc tac C1omimHSO4, ¢ thé dua ra diéu kién thich hop cho phan
ung la: 65 °C, 4 gio, ty I¢ mol methanol/oleic = 3, ham lwong xiic tac
= 13,6 % kI acid oleic. O diéu kién nay, do chuyén héa acid oleic dat
96,73 %.

Két qua nghién ciru dong hoc biéu kién ctia phan tmg ¢ diéu kién
ty 1é¢ mol methanol/oleic = 3, ham lwong xtc tac = 13,6 % kl acid
oleic cho thiy phan umg co bac 1a 2, gia tri Ea x4c dinh duoc 1a 32,17
KJ.mol ™,
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12 4

v =0.0018x + 1.8158
10 - R2=0.9983
y = 0.054x +2.3001
8 R2=0.9983
Q
2 6 v =0.0435x + 1.2283
= R2=0.9662
41 ¥ =0.0285x +1.3876
5 | R2=0.981
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Thoi gian phan tng, phat

Hinh 3.34: D6 thi ham s6 1/(1-C) theo thoi gian

'2 T T T 1
2[9 3 3.1 3.2 3.3
-
25
g y=-3.8694x + 8.9939
= 3 R2=0.9727
T 35
-4

1/T x 103 (1/K)

Hinh 3.35: Db thi ham s6 InK,=f(1/T)

3.4.2. Phan ing este h6a PFAD

Anh huéng cia ham lugng xuc tac, ty 1& mol methanol/acid, nhiét
d6 va thoi gian phan tng duoc khio sat va mé ta nhu trén cac do thi
3.36-3.39.
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Hinh 3.36: Anh huéng ciia ham Hinh 3.37: Anh huéng ty 1¢ mol
lwgng xtc tac dén phan @ng methanol/PFAD dén phan wng
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Hinh 3.38: Anh hwéng cia nhi¢t ~ Hinh 3.39: Anh hwéng cia thoi gian
do den phan ang deén phan @ng

Tur cac két qua khao sat, co thé lya chon diéu kién thich hop dé
t6ng hop FAME tir PFAD trén xtic tac C1omimHSO4 nhu sau:

Nhiét doé phan wng 65°C, thoi gian phdn ung 4 gio, ham lwong
xtic tdc = 10 % khoi heong PFAD, ty 1é mol methanol/PFAD = 9.

O diéu kién nay, két qua phan tich ham lwgng FAME trong san
pham cho thdy d6 chuyén héa tong cua hai phan tng (este hoa acid
béo tu do va transeste hoa triglycerid) dat 93,87 %.

Két qua thir nghiém kha nang tai sir dung xtc tac cho thiy, sau 6
lan sir dung xtic tac cho qua trinh chuyén hoa PFAD ¢ diéu kién
nhiét d6 65°C, ty 1é mol methanol/PFAD = 9, thoi gian 4 gio, hiéu
suat chuyén hoa giam khong dang ké (khoang 4,35 %). Nhu vay, xuic
tac bén trong mdi trudng phan tng va bén véi nhiét do, co thé thu
héi va tai sir dung khoang 5 lan véi hiéu suat chuyén hoa van dat trén
90 %.

3.5. NGHIEN CUU PHAN UNG TRANSESTE HOA TREN
XUC TAC IL PUQC LUA CHON
3.5.1. Phan rng transeste héa diu dira tinh luyén

Két qua khao sat cac yéu t6 anh huong dén phan ng transeste
hoa dau dira tinh luyén duoc mé ta trén cac dd thi 3.42-3.45. Tir cac
két qua khao sat, co thé lya chon diéu kién thich hop cho phan wng
transeste héa diu dira tinh luyén, st dung xlc tac
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MIiMC4HsSOsH.CH3SOs nhu sau: 75°C, 8 gio, ham lwong xiic tac =
9,75 % Kl dau, ty 1é mol methanol/dau = 12. O diéu kién nay, hiéu

suit chuyén hoa dat trén 88 %.

100

80
60
40

20

Ham lueong FAME, %
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Hinh 3.42: Anh hwéng ciia ham
lwgng xic tac dén phan ang
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Hinh 3.44: Anh huéng ciia nhiét
dd den phan wng
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Hinh 3.43: Anh huéng ciia ty 1¢
mol methanol/dau dén phan wng
100

18

80

60

40

20

Him hrong FAME, %

0

T T T T 1
0 2 4 6 8 10 12

Thivi gian phan tng, gior
Hinh 3.45: Anh huéng ciia thoi
gian dén phan &ng

3.5.2. Phan irng transeste héa diu jatropha
Cac yeéu to anh huong cua ham lugng xuc tac, ty ¢ mol

methanol/acid, nhiét do va thoi
ta nhu trén cac do thi 3.46-3.49.

W DG nhat, ¢St

 Chi sb acid, meKOH/g

25 5 13 10 15
Ham Iegng xic tie so vai dau, %kl

Hinh 3.46: Anh huéng ciia ham
lwgng xic tac dén phan ang

gian phan ung duogc khao sat va mo
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Hinh 3.47: Anh huong ty 1& mol
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ang
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Hinh 3.48: Anh huéng nhi¢t dj Hinh 3.49: Anh huéng ciia thoi
deén phan &ng gian dén phan wng

Tir cac két qua thuc nghiém thu duoc, c6 thé dua ra didu kién
thich hop cho phan ung tong hop FAME tir dau jatropha, sir dung
xuc tac mimCsHgSO3H.CH3SOs nhu sau: 75°C, 8 gio, ham luwong xiic
tGc=10 % kI dau, ty 1¢ mol methanol/dau = 10. O diéu kién nay, hiéu
suit chuyén hoa dau dat gia tri 87,76 %.

Két qua thir nghiém kha ning tai sir dung xuc tac cho thiy sau 6
mé phan ng st dung lién tuc xtc tac, ham lugng FAME trong san
pham van dat trén 80 %. Nhu viy, xtc tic bén trong mdi trudng phan
{mg, c6 thé thu hoi va tai sir dung 6 lan.

3.6. TONG HQP THU NGHIEM BIODIESEL TU PFAD

Cac thuc nghiém téng hop FAME tir PFAD trén xilc tac
C1omimHSO, & diéu kién thich hop cho thiy: sau 2 vong phan ¢ng &
65°C trong 4 gio, chi s6 acid caa san phdm nam trong khoang 1<1,5
mgKOH/g.

Két qua phan tich chi sb acid va ham lugng FAME cua cac san

pham sau chuyén héa va sau chung cat duoc trinh bay trong bang
3.22.

65
Nhiét d¢ phin (me, °C

Bing 3.22: Chét lugng san phim biodiesel tir PFAD

o gen A San pham
Chi tiéu phan tich Sau chuyén hoa Sau chung cat
Chi s6 acid, mgKOH/g 1,1 0,32
Ham luong FAME, % 93,87 98,72

C6 thé thay, san pham sau chung cat c6 chi s6 acid giam va ham
luong FAME ting 1én déng ké so V&i trudc chung cét, dat cic gid tri
tuong tng 1a 0,32 mgKOH/g va 98,72 %. Nhu viy, qua trinh tong
hop biodiesel sir dung xuc tic C1omimHSO, c6 nhiéu wu diém nhu:
hiéu qua chuyén héa cao & diéu kién phan ung ém diu (65°C, 4 gi0),
qué trinh tach-tinh ché san pham don gian, san phim khong bi 1an
xuc tac, glycerol hodc xa phong, qua trinh tich-tinh ché xtc tac don
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gian, xac tac c6 thé tai str dung nhiéu lan. San pham biodiesel c6 chat
lugng tot voi cac chi tiéu quan trong la ham lwong FAME va chi s
acid dat yéu cau ciaa Tiéu chuan TCVN 7717-07.

3.7. PANH GIA TONG THE CHAT LUQNG SAN PHAM

BIODIESEL THEO TCVN 7717-07

Dé danh gia mot cach toan dién cac tinh chit, san pham biodiesel
thu duoc sau khi chung cat dudi ap suét thip duoc phan tich theo 20
chi tiéu chat lwong qui dinh trong TCVN 7717-07. Két qua duoc
trinh bay trong bang 3.24.

hén tich sin phim biodiesel theo TCVN 7717-07

Bang 3.24: Két qua

Tén chi tiéu Phuong phap do Két qua TCVN 7717 -
2007

1. Ham luong methyl | TCVN 7868 98,86 min 96,5

este acid béo, % kl

2. Ham luong Iuu | TCVN 7760 175 max 500

huynh, mg/kg

3. Nhiét d6 cit ¢ ap | ASTM D 1160 317,9 max 360

suit thap, 90 % tt, °C

4. Piém chép chay | TCVN 2693 2135 min 130,0

cde kin, °C

5. D6 nhét dong hoc | TCVN 3171 4,5 1,9-6,0

tai 40 °C, mm?/s

6. Cin cacbon, % ki TCVN 7865 0,0158 max 0,050

7. An mon manh dong | TCVN 2694 la N°1

6 50°C

8. Khai lugng riéng ¢ | TCVN 6594 874,2 860 - 900

15°C, kg/m®

9. D6 6n dinh oxy hoa | TCVN 7895 6,1 min 6

6110 °C, gio

10. Ham lugng nudce va | TCVN 7757 < 0,05 max 0,050

can, % tt

11.Chi s6 acid, mg | ASTM D 974 0,5 max 0,50

KOH/g

12. Ngoai quan TCVN 7759 Mau  vang, | Khéong c6 nudce
sach  trong, | tu do, cdn va tap
khong ¢6 tap | chat lo ling

chit lo lirng

13. Tri 0 xétan

ASTM D 613-10a

62,0

min 47
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14. Biém van duc, °C ASTM D 2500 16 Béo coP

15.Ham lwgng tro | ASTM D 874-13 0,002 max 0,020

sulphat, % kl

16. Ham lugng | ASTM D 1091-11 | 0,0004 max 0,001

photpho, % kI

17.Chi s6 iot, g | TCVN 6122-07 56 max 120

iot/100g

18.Ham luwgng Na & | EN 14108 3,9 max 5,0

K, mg/kg

19. Glyxerin ty do, % | ASTM D 6584 Khoéng phat | max 0,020

ki hién

20. Glyxerin tong, % kl | ASTM D 6584 Khong phat | max 0,240
hién

Két qua cho thdy san phim co6 chit lwong tét, dat duoc hau hét
cac chi tiéu qui dinh trong TCVN 7717-07. Bac biét, san phim c6
ham lwong FAME cao, ham luong luu huynh va can carbon thip,
khong phat hién thay glycerol. Két qua chi sé acid thu duoc hoi cao
hon so véi két qua thu duoc ¢ bang 3.22. Diéu nay dwoc giai thich 1a
do miu (sau hon 1 thang bao quan & diéu kién thuong), mic du da
dugc cho thém phu gia chéng oxy hoa (ké thura chir khong nghién
ctu trong Ludn 4n) nhung c6 thé van xay ra su oxy hoa do co mit
hoi 4m va khong khi trong mau. Trong cong nghiép, c6 thé co giai
phap khac dé bao quan tét hon, vi du nhu bao quan trong thing kin
trong mdi truong nito.
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KET LUAN

V6i muc tiéu nghién ciu téng hop xuc tac IL trén co s&
imidazolium thich hop cho phan tng tong hop biodiesel, Luan an da
thu duoc nhirng két qua c6 ¥ nghia khoa hoc va thuc tién sau:

1. i nghién ctiu tong hop thanh cong 13 IL acid Bronsted trén co
s¢ imidazolium thudc 4 nhom:

- Nhoém 1: chira cation 1-methylimidazolium (HmimCl,
HmimBF4, HMimHSO4 va HmimCH;3SO3);
- Nhém 2: chua cation 1-butyl-3-methylimidazolium
(C4mimBr, C4mimBF4, C4mimPF6 va C4mimHSO4);
- Nhom 3: 1-alkyl-3-methylimidazolium hydrogensulfat
ComimHSO4 voin =4, 6, 8 va 10;
- Nhom 4: chira cation duoc chirc héa bsi nhom SOzH
(mimC4H3803H.CH3803 va mimC4HgSOgH.HSO4).
Céc san pham IL ¢6 ciu trac phu hop véi du kién va co do sach
cao. Do acid cua cac IL thay dbi trong khoang rong (pH céc
dung dich IL 0,1 M trong nude ¢6 gia tri tr 1,22 + 6,59). Nhiét
d6 phan huy cua cac IL hau hét déu trén 300°C (trir HmimCl
phén huy ¢ 235,76°C).

2. Trong s 13 san phim IL, di xac dinh duoc C1omimHSOs4 va
mimC4HsSO3H.CH3SO; c6 hoat tinh xtc tic cao nhat cho phan
ung este hoa acid béo va transeste hoa triglycerid. Cac IL nay
déu c6 d6 bén nhiét cao, nhiét do phan hiy cia ching lan luot 1a
342,17°C va 363,17°C. Tur két qua phan tich tinh chat nhiét bang
phuong phap DSC in situ, da xac dinh dugc C1omimHSO, ¢6 5
diém chuyén trang thai trong khoang nhiét do (100)+50°C la:
thily tinh hoa (-72,58°C), dong dic (-57,51°C), chuyén pha ran-
ran (-44,23°C), két tinh (-18,6°C) va néng chay. Ciing ¢ khoang
nhiét do nay, IL mimC4HgSO3H.CH3SO;3 chi c¢6 1 diém chuyén
trang thai 1a diém thuy tinh hoa (-85,94°C).

3. Da nghién ctu phén tng este hoa nguyén li¢u “model” chi chira
acid béo (acid oleic) sir dung xtc taic C1omimHSO4 va xac dinh
dugc diéu kién thich hop cho phan tng la: 65°C, 4 gio, ty 1¢ mol
methanol/acid=3, ham lugng xuc tac 13,6 % kl acid. Ngoai ra,
con xac dinh duoc cac thong sé dong hoc co ban cia phan tng
nay (bac phan tung: 2, nang luong hoat hoa Ea. =32,4 KJ/mol, h¢
s6 trudc lily thira A=8,054.10°%)
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4. Da nghién cuu phan ung transeste héa nguyén li€u “model” chi
chira triglyceride (diu dira tinh luyén) st dung xic tac
mimC4HsSO3H.CH3S0s va xac dinh duge diéu kién thich hop
cho phéan tng 1a: 75°C, 8 gid, ty 18 mol methanol/dau = 12, ham
lugng xuc tic = 9,75 % kl dau.

5. Pa nghién ctu Gng dung cac xuc tac CiomimHSOs va
mimC4HsSO3H.CH3SO3 cho qué trinh chuyén hoéa nguyén liéu
thyc thuoc nhom nguyén liéu thé hé thi hai (PFAD) va tha ba
(du jatropha) va xac dinh duoc bo thong sb thich hop cho céac
qué trinh ndy. Cu thé:

- Qua trinh chuyén héa PFAD: 65°C, 4 gid, ty 1¢ mol
methanol/acid=9, ham luong xuc tac 10 % Kl acid.

- Qua4 trinh chuyén hoa diu jatropha: 75°C, 8 gio, ty 18
mol methanol/dau = 10, ham lugng xtic tic = 10 % kI
dau.

- Két qua nghién cau cho thiy IL CiomimHSO, va
mimC4sHsSO3H.CH3SO3 ¢6 kha nang xuc tac ¢6 hiéu
qua ddng thoi cho ca hai phan Gng este héa va
transeste hoa.

Céc qué trinh str dung xuc tac IL cho thiy nhiéu vu diém nhu:
hiéu qua chuyén héa cao ¢ diéu kién ém diu, cac qué trinh tach-
tinh ché san pham va tach-thu hdi-tinh ché xuc tac nhin chung
don gian, xuc tic bén trong méi trudng phan Gmg va c6 thé tai
str dung nhiéu lan.

6. Da tién hanh tong hop thir nghiém biodiesel tir PFAD sir dung
xuc tac CiomimHSO,4 ¢ diéu kién thich hop. Két qua cho thiy
chi s6 acid giam tir 178 mgKOH/g xudng con 1+1,5 mgKOH/g
sau 2 vong phan ung.

7. Thanh pham biodiesel thu duogc co chit lwgng tdt, dat tiéu chuan
TCVN 7717-07 qui dinh cho nhién li¢u sinh hoc.
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