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Abstract

Some supported ionic liquid membranes (SILMs) were prepared from polyvinylidene fluoride (PVDF),
polyethersulfone (PES) membranes and ionic liquids butyl methyl imidazolium tetrafluoroborate ([BMIM][BF4]), butyl
methyl imidazolium acetate ([BMIM][CH3COQ]). Prepared SILMs were used for CO, separation from the CO,/CH,4
gas mixture. The results showed that the ideal selectivity 10.72+14.43 and the real selectivity 9.77+12.85 of SILMs for
CO,/CH, were observed (separation yields reached 90+93 %) The mass and selectivity of SILMs were stable after
working continuously for 30 days. These results exhibit the promising potential of using SILMs for CO, separation

processes.
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1. MO PAU

Viéc nghién ciru dé tao ra phuong phap va vat
liéu phtt hop dé tach va xtr 1y khi CO, trong cac
ngudn khi khac nhau ngdy cang trd nén quan trong
va cap thiét, phu hop véi xu hudng chung trén
thé gidi.

Mang hip phu chat long phdi hop duoc cac tinh
chit uu viét cia chit long (tinh khuéch tan cao) va
cta vat liéu mang (kha nang thAm khi) [1]. Cong nghé
tach sir dung mang héap phu chét 1ong dang dugc xem
1a Iyra chon t6t nhat dé thay thé cho cac phuong phap
truyén thong do chi phi diu tu va van hanh thép, tiéu
thy it niang lwong, dé van hanh [2-4]. M6t s6 nghién
ciru str dung amin, glyxerin lam dung moi tam 1én
mang [5]. Nhuge diém chinh cta mang nay trong mot
s6 nghién ctru trudce 1a chét 1ong st dung khong on
dinh do bay hoi va chua chon loc [6, 7].

Chét 16ng ion (hop chit c6 nhiét d6 noéng chay
< 100 °C) ¢ kha ning hoa tan chon loc CO,, bén
nhiét, bén hoa chat va khong bay hoi nén rat phu
hop khi dung mang 1én polyme thay thé cho cac
dung mdi thong thuong dé ché tao mang [8-15].

Trong nghién ctru nay, mot sd chat long ion s&
dugc sir dung va mang 1én polyme phi hop dé tao ra
vat liéu mang c¢6 kha nang tach hiéu qua va chon loc
CO..

Co sé 1y thuyét qua trinh tich khi

Cac mang sir dung dé ché tao cac mang tim chét
long ion la PVDF (polyvinyliden fluorua) va PES
(polyetsunfon) khong c6 kha nang tach khi vi ca hai

khi sir dung trong nghién ctru nay déu co kich thuéc
nho hon kich thudc mao quan cia mang.

Mang hép phu chit long ion bao gom chét 16ng
ion dugc mang 1én mang polyme c6 do x6p cao. Su
khac nhau vé tinh tan va tinh khuéch tan hodc tuong
tac hoa hoc cua cac khi tap chét so v&i khi tu nhién
dan dén co ché hoa tan khuéch tan dé tach cac khi
tap. So d6 qua trinh tich dugc dua ra ¢ hinh 1.

2. THUC NGHEM
2.1. Nguyén liéu
2.2.1. Cdc mang polyme xop

Hai loai mang polyme dugc st dung dé ché tao
c4c mang tdm chat 1ong ion 1a PVDF va PES. Hai
mang ndy c6 vai trd nhu 1a vat liéu mang chét 1ong
ion do cong ty Sterlitech, USA cung cdp. Cac mang
nay dugc dac trung bai tinh bén héa hoc cao va da
dugc s dung nhiéu trong cic nghién ciru su dung
mang dé lam chit mang trong cic mang tim chat
long. Cac tinh chit co ban cua hai mang bao gom:
kich thuéc mao quan 0,2 pm, do xbp 70-80 %,
duong kinh mang 47 mm, d¢ day trung binh 150
pm.

2.2.2. Cdc chdt long ion

Cac chat long ion 1-butyl-3-metylimidazol
tetrafluoroborat  ([BMIM][BF,]) va 1-butyl-3-
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metylmidazol axetat ([BMIM][CH;COO]) déu dugce
tong hop tir phong thi nghiém bo moén Loc Hoa dau,
Truong Pai hoc M6 - Dia chat Ha N6i. Sau khi dugc

Chit long
ion

Mang

Khi nguyén liéu Phan thdm qua

o=

Phan khi khong thim Khi mang

®

Buii Thi Lé Thily

tong hop, san pham dugc do pho IR va NMR dé
khang dinh su tao thanh ctia cic chat 1ong ion.

Su hap phu va giai hap CO,
trong mQt mao quan

Giai hap

Hinh 1: So dd cta qua trinh tinh ché khi sir dung mang (R: CO,)

Céc khi

Céac khi CO,, CH,, N, va hén hop hai khi CO,
va CH, véi ty 1& 50:50 theo thé tich (d6 tinh khiét
99,99 %) dugc mua cua Cong ty khi Cryotech.

2.2. Phwong phap ché tao mang tim chit 16ng ion

Cac mang tim chit long ion trong nghién ctru
ndy dugc che tao theo phuong phap ngam tam truc
tiep [15].

2.3. Xac dinh chénh,ép phu hgp giira ngan
nguyén liéu va ngin tham

Do chénh ap thich hop gilta hai ngin (ngén
nguyén li¢u va ngan tham) dugc xac dinh de danh
gid 4p suat lam viéc 6n dinh ciia cac mang tam chat
long ion.

Cac thuc nghiém danh gia do chénh ap phu hop
dbi véi tirng mang tam chat long ion dugc thuc hién
bang cach sir dung hé¢ thiét bi tach khi, nhu duoc mo
ta trong hinh 1 va khi N,. Khi nito dugc dua vao
ngan nguyén li¢u, do chénh ap gilta hai ngan tang
dan cho t&i khi mang tdm chat 1ong ion khong 6n
dinh. Tt d6, xac dinh dugc khoang lam viéc on dinh
clia mang tém chét 16ng ion trong cac thuc nghiém
vé thdm khi.

2.4. Cic thuc nghiém vé sy thAm khi
2.4.1. Khi nguyén chat

Do thim khi nguyén chét cua cic mang tdm chat
long ion doi véi cac khi CO, va CH, thu dugc bang
cach st dung hé thi€ét bi nhu dugc mod ta trong
hinh 2.

=3

Hinh 2: Hé thiét bi sir dung dé xéc dinh d¢ thdm ctia

cac khi ((1): Binh khi; (2): Thi€t bi do do tham khi
gom 2 ngan; (3): Dau do 4p suét; (4): Thiét b

hién thi 4p suét cta 2 ngan chira khi; A, B, C, D, E
Ia céc van khi)
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Thiét bj do d6 thim khi gdm mot ngin nguyén
liéu va mot ngan thdm, & giita hai ngin dat mang
tam chat long ion. Khi dua tir binh (1) vao ngin
nguyén li¢u. B9 chénh ép gitra ngan nguyén liéu va
ngan thim 14 0,7 toi 1,3 atm. Sy thay doi ap suét
giita hai ngan dugc do bang hai dau do ap suat (3) va
duogc hién thi ¢ hai thiét bi (4). T cac gia tri vé ap
sudt ¢ hai ngin sé tinh dugc do thAm cua timg khi
don theo cac cong thitc nhu & muc 2.5.1.

2.4.2. Khi hon hop

Khi hdn hop duoc sir dung co ty 16 CO,:CH, la
50:50 theo thé tich, cac thuc nghiém vé do tham khi
cling duoc thyc hién twong ty nhu dbi véi khi
nguyén chat. Khi dugc dwa vao ngin nguyén licu
(sao cho d6 chénh ap cua hai ngan tur 0,7 toi 1,3
atm), theo ddi su thay d6i 4p suét cua ca hai ngin
theo thoi gian sir dung hai dau do ap suat nhu trong
hinh 1. Két thuc thi nghiém, khi ¢ ngin thdm s&
dugc thu gom va phan tich bang sic ki khi dé xac
dinh thanh phan cua timg khi trong hdn hop.

2.5. Phwong phap tinh toan
2.5.1. B tham

D6 thidm cua khi nguyén chit qua mang dugc
tinh toan tir cac dit liéu vé ap suét thu duoc & hai
ngan (ngin nguyén lidu va ngin tham) cua thiét bi,
duoc thé hién trong cong thirc 1:

lm M :iln(%J:PE (1)
ﬂ [pfeed - pperm] IB Ap I

Trong d6 Preed VA Pperm 12 ap suét trong ngan nguyén
liéu Va ngin thim (Pa), P 1a d0 thdm cia mang
(m?s™"), t 1a thoi gian (s), | 12 6 day cua mang (m).

Thong s6 hinh hoc # ddc trung cho hinh dang ciia
+——) )
Trong d6 A la dién tich mang (m? ) va ered va Vperm 12

binh, dugc cho bdi cong thurc 2 [16-18]:
Vv
thé tich ctia ngan nguyén lidu va ngan thim (m”).

= Ax(t—
ered perm

2.5.2. Do chon loc

Do chon loc 1y tudng oap co thé duoc xéac dinh
béi cac d6 thim riéng cua hai khi nguyén chat khac
nhau (A va B) [13, 16, 19].

Trong cac thi nghiém vé hdn hop khi, d6 chon
loc (0. as) duge cho boi cong thie (3) [20]:

Yal Xy

(3)
Yo/ Xg

Apg =

Nghién ciru sir dung mang tam chat long...

Trong d6 ya va yg 1a phan mol cua khi A va khi B
trong ngan tham va Xa Va Xg 12 phan mol cua khi A
va khi B trong ngan nguyén licu.

2.?5.3. Pﬁu*o‘ng phdp xdc dinh @6 on dinh ciia mang
tam chat long ion

D6 6n dinh ctia cac mang tim chét long ion dugc
xéc dinh bang cach do sy thay d6i vé khdi luong ciia
mang tim chat 16ng ion theo thoi gian sir dung. Sau
mdi khoang thoi gian tién hanh cac thyc nghiém,
mang s& duoc can lai dé xac dinh khdi luong tai thoi
diém d6. Do 6n dinh cua mang chinh 1a khoang thoi
gian ma mang co su thay dbi dang ké vé khi luong
so v6i khéi lwong ban dau.

3. KET QUA VA THAO LUAN

3.1. Bo chénh ap phu h¢p giira ngén nguyén li¢u
va ngan tham

Pé tién hanh do d6 tham can phai lya chon do
chénh ap giita ngan nguyén lidu va ngan tham cho
phut hop. Néu do chénh ap cao qua s& lam cho do
bén ciia mang bi giam, co thé s& lam hong mang.
Néu do chénh ap thip qua thi thoi gian tach s& khi s&
lau. Cac két qua do do chénh ap phu hop cua timg
mang tdm chét 16ng ion dugc trinh bay trong bang 1.

Céc két qua thu dugc trong bang 1 cho thiy do
chénh 4&p gioi han cua mang PES va PVDF la 1,5
atm. Tuy nhién, dé cac mang tdm chit 1ong ion lam
viéc 6n dinh, trong cac thi nghiém do do thdm do
chénh ap s€ duoc lua chon trong khoang tir 0,7-1,3
atm.

3.2. Danh gia kha ning tach CO; cia mang tAm
chat léng ion

3.2.1. Bé chon loc Iy tudng cau cdc khi nguyén chait

Do thAm cua cac khi don CO, va CH, qua céc
mang polyme tdm chat 16ng ion khac nhau dugc thé
hién trong bang 2. Céc két qua cho thay d¢ tham ciia
cac khi don kha 6n dinh va phu thudc vao ting loai
mang tim chét 1ong ion. Do thim cua CO, cao hon
1 rét do thim ciia CH, cho thay tiém ning s dung
mang nay cho qua trinh tach khi CO, trong hdn hop
vai khi CHy.

Béng 3 dua ra cac gi tri vé do chon loc 1y tuong
va hiéu suit tach ly tuong thu dugc tor cac thuc
nghiém véi cac mang tim chat 16ng ion dugc khao
sat. DY chon loc 1y tudng duoc tinh toan dya trén ti
sO clia cac gia tri vé do thdm cua cac khi nguyén
chat. Tuong tmg véi mdi gia tri vé do chon loc 12 gia
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tri v€ hiéu suat tach (thé hién rd rang hon vé hi¢u

Buii Thi Lé Thily

qua tach khi ciia cac mang tam chat long ion).

Bdng 1> Do chénh ap phu hop giira ngan nguyén liéu va ngin tham

Mg Ap sudt atm) | 4 1 1,3 1,5 17
PES tim [BMIM][BF] Ondinh | Ondinh | Ondinh | Ondinh | Ondinh | <"OnEO"
PES thm [BMIM][CH,COO] | Ondinh | Ondinh | Ondinh | Ondinh | Ondinh | '8 on
PVDF tim [BMIM][BF] Ondinh | Ondinh | Ondinh | Ondinh | Ondinh | <"OnEO"
PVDF tim [BMIM][CH,COO] | Ondinh | Ondinh | Ondinh | Ondinh | Ondinh | '8 on

Bdng 2: D tham ciia CO, va CH, qua céc

mang tam chat 16ng ion

\ . Do thdm cua khi don
Mang tam chat long (mé/s.m)
ion
CO, CH,

PVDF tam chat long 10 "
ion [BMIM][BF.] 3,16x10 2,19x10
PES tim chét long ion 10 11
[BMIM][BE.] 4,99x10 3,67x10
PVDF tim chit long 10 "
ion [BMIM][CH,C00] | 283107 | 21710
PES tdm chét long ion 10 11
[BMIM][CH,COO] 2,39x10 2,23%x10

Bdng 3: Do chon loc 1y tudng va hiéu suét tach
ly tuong cua cac mang tam chat long ion

tach ly twong cao nhat, twong tng 1a 14,43 va 93,52
%. Cac mang con lai ciing thé hién hiéu suét tach Iy
tuong kha cao, déu trén 90 %.

Theo béo céo ctia Hanioka va cong sy vé nghién
ctru tach CO, ra khoi CH, dung 2 chit 16ng ion gbc
N-aminopropyil-metylimidazol trong khoang nhiét
d6 25-75 °C thi d6 thdm cta CO, va CH, ting tir 500
dén 1500 va 10-60 barrer (hiéu suit tach 84-88 %)
[22].

3.2.2. Bé chon loc cua khi trong hén hop

DPé mb phong qua trinh tach CO, trong thuc té,
d6 chon loc ctiia hdn hop khi gdm 50 % CO, va 50 %
CH, (theo thé tich) ciing dwoc nghién ciru tuong tur
nhu voi cac khi don. Hon hop khi dugc dua vao
ngan nguyén li€u voi d chénh ap thich hop voi
ngin thim. Sau khi tién hanh thuc nghiém, thanh
phan cta khi thim qua mang dwoc xac dinh nho
phuong phap sic ki khi (GC). B6 chon loc cua CO,

Mane (4 12 bo ch9n Hiéu suét va CH, khi thdim qua mang polyme tdm chét 1ong
ang tam chat long loc ly 2ch I . , o ; . X . X an
ion (wong tach ly ion dugc tinh theo cong thire 4. Cac ket qua vé do
tudng (%) chon loc va hiéu suat tach ctia hon hop khi duoc dua
CO,/ CH, \
——— ra trong bang 4.
PVDF tam chat long
ion [BMIM][BF] s | B . e
n T Bang 4: Do chon loc va hleuqsuat tgch doi voi
}[)I;EI\S/I Itﬁ/lrr]l[cBhét]long 1on 13,6 93,15 hon hop khi cuia cdc mang tam chat 16ng ion
4 P
PVDF tam chét long o ?fcfgf If;iﬁ oot
ion 12,12 92,38 Mang tam chat 1ong ion : x
hop CO,/ | hon hop
[BMIM][CH;COQ] CH. khi (%)
PES tam chat long ion PVDF tim chit 16ng ion
10,72 91,47 g
[BMIM][CH;COQ] [BMIM][BF.] 12,85 92,8
i ) PES tam chat long ion 1172 921
Do chon loc 1y tuong cua cac mang tam chat | [BMIM][BF,] ' ’
léqg ion d6i v6i cac khi pﬁng phu thudc vao loai PVDF tam chat long ion 10.40 919
chat long ion va loai chat mang (mang polyme). [BMIM][CH;COQ] ' '
Trong nghién ctru nay, mang PVDF tam chat long | PES tam chat long ion 9.77 90.9
ion [BMIM][BF,] thé hién d6 chon loc va hiéu suat | [BMIM][CH;COO] ’ ’
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Céac gia tri thu duoc trong bang 4 cho thiy,
twong tu nhu ddi voi khi ly tudng, do chon loc va
hiéu suat tich ciia mang PVDF tam chét long ion
[BMIM][BF,] d6i véi hon hop khi thé hién gia tri
cao nhét, twong ung la 12,85 va 92,8 %. Cac gia tri
vé hiéu sut tich ciia cdc mang tam chat 1ong ion
con lai déu trén 90 %. Mic du, cac thuc nghiém trén
méi chi gi¢i han & mot ty 1¢ va thanh phan nhat dinh
ctia hdn hop khi, tuy nhién, cac két qua kha quan vé
d6 chon loc thu duogc cho théy 6 thé su dung céc
mang polyme tdm chit 1ong ion cho qué trinh tinh
ché khi tu nhién ¢6 chira nhiéu CO,.

Do chon loc cua mang tam chat long ion ddi véi

Nghién ciru sir dung mang tam chat long...

hdn hop khi nhé hon so v6i khi 1y tudng tir 10-12 %.
Diéu nay c6 thé duoc ly giai nhu sau: trong hon hop
khi ¢6 sy canh tranh vé sy tham qua, trong khi
nguyén chat thi khong c6 hién tuong nay. Diéu nay
6 thé 1am cho do tham cta khi CO, giam, dan tGi
lam giam d6 chon lgc. Tuy nhién, hiéu suét tach chi
giam tir 0,5 dén 1 %.

3.3. P9 6n dinh ciia mang tam chit 16ng ion
Sau 30 ngay str dung lién tuc, cac mang polyme

tam chat 1ong ion duoc dem can kiém tra khéi lugng
(bang 5).

Bdng 5: Su thay d6i khdi luong clia mang theo thoi gian

Thoi gian (ngay) 1 3 5 7 10 30
I;élgi(g;@mg [BMIMI[BF.Jtrenmang | 5037 | 02034 | 02032 | 02032 | 02032 | 02032
Khoi lugng [BMIM][CH,COO] trén 02018 | 02015 | 02014 | 02014 | 02014 | 0,2014
mang PES ()

Khoi lugng [BMIM][BF.J trenmang | 1505 | (1590 | 01500 | 01590 | 01588 | 0,1588
PVDF (g)

g)l(’i lwong [BMIM] trén mang PVDF | 139, | 51391 | 01390 | 0,1390 | 01390 | 0,1390

Két qua cho thay khi lugng cua mang thay doi
rat it trong vai ngay dau sau d6 on dinh, d6 12 do mot
phan nho luong chét 16ng ion bam trén bé mit ngoai
ctia mang bi tréi di trong qua trinh thir nghiém. Céac
két qua do do6 tham va do chon loc cta cic mang nay
ciing khong thay doi. Tir d6 c6 thé két luan chit long
jon 6n dinh trén cac mang ché tao duoc.

4. KET LUAN

Cac mang polyme tam chét 16ng ion trong nghién
ctru nay c6 kha nang tham thau chon loc déi véi CO,
trong hdn hop véi CH,. Hiéu sudt tach dat trén 90 %
Vi tht ca cac mang tim chit l6ng ion trong nghién
ctru ndy. Mit khac, cac mang tam chat 1ong ion ciing
kha 6n dinh trong céc diéu kién tién hanh thuc
nghiém. Cac két qua thu duoc cho thay tiém ning
cia mang tim chat 16ng ion trong tinh ché khi tu
nhién, khi biomass... dac biét la cac khi c6 ham
lugng CO, cao.

Loi cam on. Tdc gia tran trong cam on su hé tro
kinh phi ciia B¢ Khoa hoc va Céng nghé.
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