HOA - CHE BIEN DAU KHi

Nghién ctu phuong phdp khir séu cdc hop chdét chia
luu huynh trong ddu diesel bdng phuong phdp chiét
véi chdat Idng ion k&t hop vdi quad trinh oxy hda

TS. Bui Thi Lé Thay
Dai hoc M6 - Dia chdt Ha Néi

Tém tat

Quadtrinh logi cdc hop chét luu huynh (S) bdng cdch chiétvéi chdtléngion (IL) n-butylmethylimidazole hydrosulfate
([BMIM][HSO ]) va n-butyl pyridin hydrosulfate ([BPy][HSO,]) két hop véi st dung chdt oxy héa da dugc thuc hién véi
ddu diesel thuong phdm ciia Viét Nam. Khi st dung hé chdt oxy héa H,0 /HCOOH, cdc hop chdt S chuyén sang dang
phdn cu'c hon (sulfone va sulfoxide tuong ting) nén dé hoa tan vao pha chét I6ng ion va lam tdng héng sé phdn bé cia
ching, do do6 hiéu sudt chiét ting lén. Mét sé dung méi c6 nhiét dé séi thdp (xyclohexan va ethyl acetate) té ra phi
hop khi sir dung dé chiét loai S tir chdt I6ng ion da qua sir dung dé tdi sinh chdt Idng ion. Cdc dung méi nay duoc thu

héi béng cdch chung cdt va quay vong.

1. Giéi thiéu

Cac hgp chat S trong dau mo la nguyén nhan chinh
gay ra hién tugng an mon thiét bi va phat thai khi SO,
6 nhiém méi trudng. Trén thé gidi, cac quy dinh vé ham
lugng S trong nhién liéu ngay cang tré nén nghiém ngat
[1, 2]. Tiéu chuén Viét Nam vé& ham lugng S van con cao so
vGi thé giGi (ham luong S t6i da trong xang, diesel dung
cho nganh van tai la 500ppm va trong diesel khong phuc
vu cho van tai la 2.500ppm) [3]. Tuy nhién, dé bao veé suic
khde cdng déng va moi trudng, Viét Nam sé phai ap dung
cac cong nghé khir sau S trong nhién liéu, dac biét la khi
Nha may Loc dau Dung Quat st dung nguyén liéu dau
chua Trung Déng. Vi vay, nghién ctu qua trinh kh{r sau
S 1a yéu cau cap bach gép phan chuan bi cho viéc phat
trién nganh cong nghiép loc - héa dau clia Viét Nam trong
tuong lai.

Cac qua trinh x{r ly bang hydro dang st dung trong
céng nghiép ché bién dau mo lam gidam ham lugng S moét
cach hiéu qua, song khéng dap ting dugc nhu cau khir sau
S. Diéu nay la do benzothiophene (BT), dibenzothiophene
(DBT) va cac dan xudt ctia ching bén viing véi qua trinh
hydro hoa nén tiéu thu nhiéu nang lugng va hydro hon [4].
Ngoai ra, dé tranh cac phan tng phu lam gidm chat lugng
nhién liéu, chat xdc tac phai hoat ddong hon, chon loc hon, ap
suat hydro cao hon kéo theo gia dau tu va chi phi van hanh
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cao. Trén thé gidi, mot s6 phuong phap loai S khong sur
dung hydro dang dugc nghién ctiu nhu: oxy héa loai sau
S, sinh hoc, hdp phu chon loc, ankyl héa loai S [5 - 9]. M6t
phuong phap méi dang dugc quan tam la chiét S strdung
chatlong ion.

Chat 16ng ion (hgp chat c¢é nhiét d6 néng chay
< 100°C) la nhém chat méi dugc tim ra nhung hda hen
nhiéu tng dung nhu lam dung méi, xuc tac, déng xuc tac
cho nhiéu phan ing va qua trinh khac nhau nha cé mét s6
tinh chat dac biét. Mot s6 chat long ion cé kha nang chiét
cac hop chat S trong nhién liéu. S trong BT, DBT va cac dan
xudt khoé dugc tach bang cac phuong phap khac nhung lai
tach dugc dé dang bang chat longion [10 - 14].

2. Co s& clia qua trinh loai S bang phuong phap chiét
két hop oxy héa

2.1. Phuong phdp loai S bédng oxy héa (ODS)

DPay la mét phuong phap mdi dé loai sau S dang
dugc quan tam vi so vGi phuong phap khit S bang hydro
(HDS) thi ODS c6 thé loai S & diéu kién nhiét dé phong
va ap suat khi quyén, khong can sir dung H, va c6 do
chon loc cao hon. Cac hgp chét chia S kho tach bang cac
phuong phap xt ly véi hydro dang BT, DBT, 4, 6- dimethyl
dibenzothiophene (4, 6- DMDBT) c¢6 thé bi loai bang
phuong phap nay. Trong qua trinh oxy hoa, cac hgp chat
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S dang nay bi chuyén héa thanh cac sufone va sulfoxide tusng ting ¢ ai
luc cao va tinh chat ly héa khac déang ké so véi cac hgp chat co trong dau.
Do d6, chiing dé dang dugc loai bo bang cac phuong phép tach: chung,
chiét, hap thy, phan hay. Cac hop chat chia nito cling 6 thé loai cling
mot IUc véi qua trinh ODS [15].

Qua trinh oxy hoéa thudng thuc hién qua 2 giai doan. Trong giai doan
dau cac hgp chat chia S dugc oxy hoa chon loc thanh cac sulfoxide va
sulfone (Hinh 1). Hop chat sulfone va sulfoxide c6 cac lién két phan cuc
[uu huynh-oxy (S=0), do do6 lam tang d6 hoa tan trong dung moi phan
cuc. Cac sulfone va sulfoxide ctia hgp chat S trong dau cé thé dugc
tach ra bang cach chiét véi dung méi hiiu co khéac & giai doan hai. Cac
chat oxy héa thudng dugc st dung la: acid hitu co/H,0,, andehit/O,,

polyoxometylen/H,O,, hé oxy héa H,0.-acid formic, cac hé chat oxy héa

272
h{ru co [15].
Chat oxy Phan (ing Tach .
hoa | luu huynh sulfone [ Dieselsach
0, hodc Peroxid ~ Diesel ~ 500 ppm S Chiét sulfone

Hinh 1. Qud trinh oxy héa logi S

2.2. Oxy héa loai S sir dung chdt I6ng ion nhu la xiic tdc chuyén pha

Nhu da trinh bay & trén, qua trinh oxy héa cac hgp chat S it phan cuc
thanh cac hgp chit phan cuc cao hon sé thuan lgi cho qua trinh chiét
chiing ra khoi dau bang cac dung méi phan cuc. Do dé, két hogp phuong
phép oxy hoa va chiét S véi chat 1éng ion la y tudng hop ly.

Mot nghién ciu vé oxy hoa loai DBT trong n-octane vai chat long
ion N-methyl-pyrrolidonium phosfate ((Hnmp][H,PO,])va H,0, da cho
thay hiéu suat loai S 1én tai 99,8% doi vai dau mau va 64,3% déi véi dau
thuc sau mot lan chiét. H,0, oxy héa DBT thanh sulfoxide va sulfone
la nhitng chat phan cuc manh va tan tét vao trong chat long ion nhu
Hinh 2.

S oil phase
ionic liquid
H,0, H20,
phase
“Hinmpm POy @U@ [Hnmp]H2PO, “
o 0

Hinh 2. Qud trinh oxy héa logi S cta DBT sir dung chdt 1dng ion [Hnmp][H PO ] nhu
la dung méi va xuc tdc

Wang Jianlong va cac cdng su [15] cling s& dung chét 16ng ion dé
lam xuc tac va dung méi cho qua trinh loai S trong dau mau (chia DBT
trong n-octane) véi chat oxy héa H,O,. DBT dugc loai bo khoéi dau mau
nhd qua trinh oxy hda hda hoc va chiét vai chat long ion Bronsted (L)

N-methyl-pyrrolidonium tetraflouoroborat
(HNmMPp][BF,]) nhu la dung méi va xdc tac.
Két qua thuc nghiém cho thay, goc hydroxyl
tu do trong hé [Hnmp][BF,1/H,0,
hoéa DBT thanh sulfone tuong Uing tan vao
trong pha chat long ion. Do d6 S dugc loai
bd khoi dau mau. Vai diéu kién cla phan
Ung c6 ty 1& mol H,0./S la 3:1, nhiét do
60°C, thdi gian phan Ung la 1 gid, ty |é thé
tich IL/dau mau la 1:1, DBT véi ham lugng
1550mg/l da dugc loai hoan toan. Chat
I6ng ion [Hnmp][BF,] c6 thé duoc tai sinh
7 1an ma khéng ¢6 su sut gidm dang ké nao
vé hiéu suat chiét loai hgp chat luu huynh.

€6 thé oxy

Trong nghién clu trudc cda ching toi,
hai chat 1dng ion n-butyl methylimidazole
hydrosulfate  ([BMIM][HSO,])) va n-butyl
pyridin hydrosulfate ([BPy][HSO,]) duoc
téng hop va st dung dé chiét S trong dau.
Cac chat l6ng ion dugc sir dung két hop
cung chét oxy hoéa véi mong muén lam
tang hiéu sudt qua trinh chiét, tiét kiém
dung mdi va chi phi.

3. Thuc nghiém

Dau diesel chia 498ppm S cla Viét
Nam. Methyl imidazole 99,5%, N-butyl
bromua 99,5% mua cla céng ty héa chat
Merk Schuchardt OHG, Buc. Pyridin 99,5%,
xyclohexan 99,5%, ethyl acetate 99,5%, acid
sulfonic 98%, acid formic va hydroperoxyt
dugc mua cia nha may héa chat Quéang
Dong Quang Hoa, Trung Quéc. Tat ca déu
dugc st dung khong qua tinh ché thém.

3.1.Téng hop chdt Iéng ion

Cacchéatlongionn-butyl methylimidazole
hydrosulfate  ([BMIM][HSO,])) va n-butyl
pyridin hydrosulfate ([BPy][ HSO,]) duoc
téng hap theo phuong phap nhu da mo ta
trong.

3.2. Chiét loai S bdng IL c6 sir dung chdt
oxy hoa

Cho dau diesel va chat long ion vao
binh 3 ¢6 250ml. Tiép theo, thém H,0, va
acid formic HCOOH theo ty & mol bang
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nhau (dé€ tao acid peroxyformic). Khudy va
gia nhiét & 60°C trong thaoi gian 60 phut. Sau
khi ngting khudy chuyén hén hgp sang 6ng

Badng 1. Hiéu sudt chiét logi S cia cdc chdt I6ng ion cé st dung chdt oxy héa

(60°C, 50 phdit, ty I¢ IL/ddu = 1:1)

nghiém va dé Idng trong 30 phut (hodc quay ly Chétléngion [BMIM][HSO,] [BPyl[HSO,]
tam). Sau do t,éch I6p dau G trén ra. Ham lugng Hamluongs .. . HamluongS .o o
S sau khi chiét dugc dinh lugng bang phuong S6 lan chiét trong dau chidt 9% k) trong dau chict 9% k)
phap ASTM D 5453 - 08. Qua trinh chiét c6 thé (ppm ki) (ppm ki)
1ap lai nhiéu 1an dé loai sau luu huynh. 0 498 0 498 0

1 150 70 206 58,6
3.3. Tdi str dung chdt I6ng ion 2 p a8 a8 823

Cho chét 1éng ion da st dung chiét S vao 1 3 25 % 37 92,6

binh tam giac trong d6 da cé sén ethyl acetate 4 14 97 25 95
(hodc xyclohexan), ty lé thé tich gitta IL va 5 8 98,5 16 96,8

6 8 98,5

acetate la 1:1. Sau d6 khuay hén hop & nhiét
dé phong trong 2 gid. D& 1dng hén hop sau khi
khudy, tach I6p ethyl acetate & trén ra. Chat
[6ng ion thu dugc dem dun nhe & 80°C trong
10 git d€ loai bdé dung méi du. Lap lai qué trinh
5 1an va st dung lai chat 16ng ion dé chiét S
trong dau.

Véi chat long ion dung trong quy trinh
chiét c6 oxy hda, quy trinh tai sinh nhu sau:

Chat long ion da st dung dugc dun dén
110°C dé dudi hét H,0 (tao ra trong qua trinh
oxy hoa, H,0, va acid formic con du. Sau dé,
chat 16ng ion dugc tai sinh bang céch chiét véi
ethyl acetate hodc xyclohexan nhu trén.

4. Két qua va thao luan
4.1. Qud trinh chiét S két hop véi chdt oxy héa

TU két qua & nghién clu trudc, cac chat long ion
n-butyl methylimidazole hydrosulfate ([BMIM][HSO,]) va
n-butyl pyridin hydrosulfate ([BPyl[ HSO,]) c6 kha nang
chiét S trong dau diesel vai hiéu suat cao. Trong nghién
clru nay, véi muc dich lam tang hon nira hiéu qua chiét
bang chatlong ion, ching tdi da tién hanh chiét S két hgp
véi hé chat oxy hoa H,0,/acid formic.

Két qua loai S trong dau thuong pham clia cac chat
l6ng ion két hgp vdi chat oxy héa qua 5 giai doan dugc
thé hién qua Bang 1. C6 thé thdy rang néng dé S clia dau
mau giam tu 498ppm dén 8ppm sau 5 lan chiét 13p lai
khi s&r dung [BMIM][HSO,] va gidm dén 16ppm khi st dung
[BPy][ HSO,1.

Tuong tu nhu khi khéng dung chét oxy hoa [1], kha
nang chiét cta chat Iong ion géc imidazole trong trudng
hgp nay cling cao han clia chat [dng ion goéc pyridin.
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Hinh 3. Qud trinh oxy héa logi dipenzothiophen st dung chdt Idng ion [BMIM]
[HSO,] nhur la xuc tdc chuyén pha [20]

S

H>0,+HCOOH / \
R

S
O/ \O

Hiéu suat chiét loai S cla ca hai chat long ion khi
dung két hop vaéi chat oxy héa déu cao hon trusng hgp
chi dung chat long ion. Phuang phap nay la su két hgp
qua trinh oxy héa va chiét. Theo d6, cac hgp chat S nhu
thiophene, benzothionphene, dibezothiophene bi oxy
héa thanh cac hop chat sulfone va sulfoxide ctia ching.
Cac hgp chat tao thanh c6 d6 phan cuc cao hon nén
hé s6 phan bé cla ching trong chat 1dng ion tang lén.
Do d6, chiing dé chuyén sang pha chat 16ng ion. Co
ché& oxy hoa dibenzothiophene st dung chat long ion
[BMIM][HSO,] nhu la xuc tac chuyén pha dugc dua ra
trong Hinh 3.

Dé& chuiing té su hinh thanh clia cac hgp chat sulfone
va sulfoxide trong pha chat l6ng ion, sau khi quy trinh
chiét S két thuc, chat long ion dugc tach riéng khoi pha
dau va dugc chiét lai bang ethyl acetate dé cac hop chat S
trong chat léng ion tan vao ethyl acetate. Sau d6 tach lay
ethyl acetate dem do phd FT-IR. Trén phd hap phu héng
ngoai (Hinh 4) c6 budc séng dac trung nam trong khoang
1371cm™va 1050cm. Diéu dé chira su c6 mat clia sulfone
va sulfoxide trong ethyl acetate.
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Hinh 4. Ph8 d6 FT-IR ctia ethyl acetate hoa tan san phdm oxy héa
dibenzothiophene va ddn xudt trong ddu diesel

Dé khdng dinh vai trd cla chdt oxy hoa st dung
trong qua trinh chiét, két qua trong nghién ctru nay dugc
so sanh vai két qua chiét S trong dau khi chi dung chat
ldng ion trong nghién ctu trudce [1]. K&t qua Hinh 2 va
Hinh 3 cho thay qua trinh chiét loai S ctia dau diesel bang
chét léng ion [BMIM][HSO,] két hgp vdi chat oxy hda dat
hiéu suat cao hon truéng hop chi dung chat long ion.
Ham lugng S trong dau diesel sau 5 lan chiét bang chat
Iéng ion [BMIM][HSO,] c6 st dung thém chat oxy hoéa va
khéng st dung chat oxy hoa lan lugt la 8ppm va 14ppm,
vGi hiéu sudt 1a 98,4% va 97% tucong ung. D& dat tiéu
chudn vé ham lugng S trong dau diesel 1a < 10ppm thi
chi can chiét diesel 13p lai 5 1an vai chat 16ng ion [BMIM]
[HSO,] c6 st dung thém chat oxy héa nhung phai chiét 6
lan v6i chat I16ng ion [BMIM][HSO,] khong sir dung thém
chat oxy hoa.

Két qua tuong tu cling thu dugc khi st dung chat long
ion dang [BPyI[HSO,]. Ham lugng S trong dau diesel dat
31ppm sau 5 lan chiét, 19ppm sau 6 lan chiét, vai hiéu suat
93,8% va 96%. Khi st dung thém chat oxy hoa thi ham
luong S dat 16ppm sau 5 lan chiét, hiéu suat 96,8%. Nhu
vay, v6i ca hai loai chat léng ion [BMIM][HSO,] va [BPy]
[HSO,], dé dat duoc hiéu suat loai S tuong duong thi khi
st dung chat oxy héa sé giam dugc moét lan chiét lap lai.
Tuy nhién, phuong phap chiét két hop st dung chat oxy
héa H,0,/HCOOH can b6 sung mét luong chat oxy hoda.
Do dé, qua trinh chiét lién tuc can can nhac yéu té kinh té
trudc khi quyét dinh chon phuong phap co sir dung két
hap chat oxy héa hay khong.

= [BPy][HSO4]
o [BMIM][HSO4]
o [BPyl[HSOA4] +chat oxy hoa
i o [BMIMIHSO4] +chét oxy hoa
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Hinh 5. Chiét logi S trong ddu diesel bding cdc chdt 16ng ion strdung
va khéng sir dung chdt oxy héa (60°C, 50 phut, ty lé IL/ddu = 1:1)
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Hinh 6. Hiéu sudt chiét logi S trong ddu diesel bdng cdc chdt Iéng
ion strdung va khéng st dung chdt oxy héa (60°C, 50 phat, ty ¢ IL/
dau=1:1)

Hiéu qua cla qua trinh loai S cla chat oxy hoa khi
dung két hgp vdi IL gidam di khi ham lugng S trong dau
giam (Bang 2). Biéu nay la do giai doan cudi clia qua trinh
loai S la giai doan loai cadc hgp chat dang dan xuat cla
thiophene va dibenzothiophene. Cac chat nay c6 hang
s6 phan b6 trong chat 16ng ion thap va kho loai. Nhung
khi so sanh céc giai doan vé6i cing ham lugng ban dau
cla S trong dau thi qua trinh c6 chat oxy héa hiéu suat
van cao hon.Vidu véi [BPy][HSO4] & lan chiét thi 4 khong
st dung chat oxy hoa bat dau véi ham lugng S la 90ppm
gidm xudéng con 55ppm dat 40%, lan chiét thi 3 c6 s
dung chat oxy héa bat dau véi ham lugng S la 88ppm
gidm xuéng con 37ppm dat 58%.
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Bdng 2. Hiéu qua cta chdt oxy héa khi diing két hop vdi IL (60°C, 50 phat, ty I¢ IL/déau = 1:1)

Ham lugng S trong dau
(ppm kI) sau khi chiét bang

[BMIM][HSO4] (ppm ki) chiét (%)

Cé chat Cé chat
oxy héa oxy hoa

0 498 498

1 200 150 60 70

2 110 60 45 61

3 55 25 50 <7

4 25 14 55 24

5 14 8 44 3

4.2. Quad trinh tdi sinh dung méi

Hiéu suat ctia méi lan

Ham lugng S trong dau

(ppm kI) sau khi chiét bang Higu suat cia moi lan

[BPyI[HS04] (ppm ki) chiét (%)

Co chat Co chat oxy
oxy hoda hoa

98 498

270 206 46 59

155 88 43 57

90 37 42 58

55 25 40 35

31 16 43 36

Bang 3. Hdng s6 phdn bé ciia mét sé hydrocarbon (ddu mau (500ppm DBT trong

hydrocarbon), ty Ié khéi lugng dau:IL = 1:1,15 phat khudy, nhiét dé phong)

Pé tai sinh chat 1dng ion sau khi chiét
¢6 thé sir dung mét trong cac cach sau: néu
hop chat S c6 nhiét d6 séi thap, lua chon tét
nhat va ré nhat dé loai bd S la chung cat vi Pentan
chatldng ion c6 ap suét hai bao hoa rat thap
(khong do dugc) nén sé con lai & pha long.
Tuy nhién, ap suat riéng cla cac hop chat S
thudngthapvabianh huéng(giam)dotuong
tac thuan nghich véi chat 16ng ion. D& cai thién phuong
phap nay, trong nghién ctiu, mot lugng nhd xyclohexan
(2,5%KkI) dugc dua vao dé tach tetrahydrothiophene bang
cach suc véi khong khi & 100°C trong 30 phut. Két qua cho
thay phuong phap nay kha hiéu qua.

Tuy nhién, viéc tai sinh chat long ion sau khi chiét véi
dau diesel lai kho khan hon. Viéc tach dibenzothiophene
va cac dan xuat thé alkyl ciia chung véi nhiét do soi trén
200°C bang cach chung cat don gian la khéng kinh té,
vi chi khodng 20% S dang benzothiophene dugc loai
ra khoi chat 16ng ion [BMIM][OcSO,] bang cach suc véi
khong khi & 100°C trong 3 ngay. Vi vay, trong trudng hgp
nay thudng dung phuong phap chiét lai (reextraction).
Dung méi chiét thudng la cac hydrocarbon c6 nhiét do
sOi thdp nhu n-pentan hodc n-hexan. Bang 3 chi ra anh
hudng cla cac hydrocarbon dung lam tac nhan chiét
dén hé s6 phan bo.

Tu Bang 3 cho thdy, hang s6 K| cla cac hydrocarbon
mach ngan (nhu pentan) thap trong khi cac hop chat nay
lai 1a dung mdi chiét ly tudng. Mot cach khac dé tai sinh
chat long ion la: néu ching bén nudc (vi du cac chat long
ion trong nghién ctu nay) thi c6 thé hoa tan chat 16ng
ion da st dung trong nudc. C6 nghién ctu cho thay da
thu héi dugc chat 16ng ion gan nhu khong chiaa S [13].
Nhung phuong phap nay khéng kinh té khi diing lugng

48  DAUKHi - SO 12/2012

Héng s6 phan bé Ky, (mg S,kg (IL)'/mgS/ kg (dau)™)
[BMIM][OcSO4] [EMIM][EtSO4]
0,3 0,7

Hydrocarbon

Xyclohexen 1,4 0,7
n-Dodecan 1,9 0,8
Dau trdng

1,6 0,7
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Hinh 7. Khd ndng tdi st dung chdt I16ng ion bdng cdch chiét vdi cdc
dung méi khdc nhau (60°C, 50 phdt, ty I¢ IL/ddu = 1:1, chiét ddu 1
ldn véi chdt I6ng ion)

I6n vi phai tiéu tén nang lugng cho viéc bay hoi nudc khoi
chat 16ng ion. Viéc loai bé cac hgp chat hitu co bang cach
chiét véi CO, siéu t6i han ciing dugc bao cdo nhung c6 Ié
khéng phu hgp cho viéc téi sinh nhiéu chat ldng ion do
tiéu ton nhiéu nang lugng.

Trong bai bdo nay, kha nang tai sinh chat 1dng ion
[BPY][HSO,] va [BMIM][OcSO,] béng ethyl acetate va
xyclohexan dugc nghién cuu. Ethyl acetate va xyclohexan
¢6 kha nang hoa tan tot cac hop chat S hodc cac hgp chat
sulfone va sulfoxide ma khéng hoa tan chat l6ng ion. D€
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danh gia kha nang tai sinh, chat 16ng ion vira tai sinh dugc
dung dé chiét loai S trong dau diesel. K&t qua cho thdy kha
nang loai S clia chat 1dng ion tai sinh kha cao (Hinh 4). Cu
thé, hiéu suat chiét S bang chat long ion [BPY][HSO,] va
[BMIM][OcSO,] sau khi téi sinh bang xyclohexan va ethyl
acetate déu giam di khoang 7% va 8% tuong Ging. V&i quy
mo 16n, viéc tai sinh chat 1dng ion c6 thé dugc thuc hién
t6t hon sé cai thién hon nita cac két qua nay tuc la tang
kha nang tai stt dung chat [ong ion.

5.Kétluan

Viéc st dung két hgp chat oxy hoa trong qua trinh
chiét S bang cac chat 16ng ion n-butyl methylimidazole
hydrosulfate va n-butyl pyridin hydrosulfate da lam tang
hiéu suat chiét ctia chat 16ng ion va do d6 gidam bat dugc
8 1an can phai chiét I3p lai d€ thu dugc dau c6 yéu cau
vé ham lugng S nhat dinh. Co ché clia qua trinh dugc giai
thich 1a do su hinh thanh cac hgp chat dang sulfone va
sulfoxide c6 tinh phan cuc cao nén dé hoa tan vao chat
[6ng ion han cac hgp chat S ban dau. Mot s6 hydrocarbon
(xyclohexan) va dung méi (ethyl acetate) cé nhiét d6 soi
thap phu hgp dung dé tai sinh chat 16ng ion. Hiéu suat
chiét sau khi tai sinh gidm khéng déang ké.

Bdng chu thich cdc chirviét tdt

[BMIM][HSO4] N-butyl methyl imidazole
hydrosunfate

[BPy][HSO4] N-butyl piridin hydrosulfate

[Hnmp][H2PO4] = N-methyl-pyrrolidonium phosphate

[Hnmp][BF4] N-methyl-pyrrolidonium

[BMIM][OcSO4] = N-butyl methyl imidazole octylsulfate

[EMIM][EtSO4] Ethyl methyl imidazole ethylsulfate

BT benzothiophene

DBT dibenzothiophene

4-MDBT 4-methyl dibenzotiophene

4,6-DMDBT 4, 6-dimethyl dibenzotiophene

IL chat 1dng ion

OoDS oxy desulfua hoa
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