PETROVIETNAM

NGHIEN CUU QUA TRINH MANG CHAT LONG ION LEN MANG
POLYMER DINH HUONG CHO QUA TRINH TACH KHI CO,
KHOI HON HOP VOI KHi HYDROCARBON

TS. Buii Thi Lé Thay
Dai hoc Mé - Dia chdt Ha Néi

Téom tat

Mét sé chdt I6ng ion (ILs) tao thanh tir cation 1-butyl-3-methyl imidazolium du'gc tdm Ién mang polyethersulfone
(PES), mang polyvinylidene fluoride (PVDF) va cellulose acetate (CA) dé tao thanh mang polymer tam chdt I6ng ion
(SILM). Qud trinh dugc thuc hién bdng cdch nhiing mang polymer trong chdt Iéng ion tuong ting. Luong chdt léng
ion tdm Ién mang duoc xdc dinh bdng cdch cdn mang truédc va sau khi tdm. Mang da tam chadt I1éng ion duoc do bdng
kinh hién vi dién tir quét (SEM) dé xdc dinh su thay d6i bé mdt. Chét Idng ion da ldp ddy cdc mao quadn va che phi
bé mat cta mang. D6 thdm caa khi CO, va CH, qua mang PVDF tdm chdt I16ng ion 1-n-butyl-3-methyl imidazolium
tetrafluoroborate ([BMIM][BF J/PVDF) dé dugc nghién ciru. D6 chon loc ciia hon hop CO /CH, tuong déi cao cho thdy
tiém ndng sir dung SILM trong quad trinh tdch CO, ra khéi CH,.

1. Giéi thiéu

Do nhu cau nang lugng ngay cang tang cung véi yéu
cau nghiém ngat vé bao vé méi trudng, nhiéu loai khi da
va sé trd thanh nguén nang lugng quan trong nhu: khi
thién nhién, khi déng hanh, khi biomass va khi héa than.
Thanh phan CO, c6 trong cac loai khi la nguyén nhan
gay ra tinh trang an mon, lam gidm nhiét tri cda khi, tao
hydrate gay tac nghén dudng éng... Viéc khai thac va xu
ly cac mé khi ¢6 CO, cao sé tao co s§ cho qua trinh bom
CO, vao cac mo dau dé gia tang hé s6 thu héi. Vi vay, viéc
nghién cttu phuong phap va vat liéu phu hop dé tach va
xtt ly khi CO, trong cac nguon khi ngay cang tré nén quan
trong va cap thiét.

Mang hap phu chét 16ng phoi hop dugc cac tinh chat
uu viét cia chat 1dng (tinh khuéch tan cao) va ctia vat liéu
mang (kha nang tham khi) [1]. Céng nghé tach st dung
mang hdp phu chét 16ng la lua chon t6t nhat dé thay thé
phuong phép truyén théng do chi phi dau tu va van hanh
thap, tiéu thu it nang lugng, dé van hanh [2 - 4]. Nhugc
diém chinh cGla mang nay trong moét s nghién ctu trudc
la chat 16ng st dung khéng 6n dinh do bay hoi va chua
chon loc [5, 6].

Chatléngion (hgp chat cé nhiét dé ndng chay < 100°C)
c6 kha ndng hoa tan chon loc CO,, bén nhiét, bén héa chat
va khong bay hai, rat pht hgp khi ding mang lén polymer
thay thé cho cac dung méi théng thudng dé ché tao mang

[7 - 14]. Trong nghién ctiu nay, mét s6 chat 1ong ion sé dugc
st dung va mang lén polymer phu hgp dé tao ra vat liéu
mang c6 kha nang tach hiéu qua va chon loc CO,.

2. Thuc nghiém

Chét long ion [BMIM][BF,] va [BMIM][CH,COO] dugc
téng hop tai Phong Thi nghiém bd mén Loc hda dau,
Dai hoc Mo - bia chat. Mang polyethersulfone, mang
polyvinylidene fluoride va cellulose acetate dugc mua clia
Cong ty Sterlitech, My.

2.1. Mang chdt Iéng ion 1én mang

Cac mang polymer dua vao binh hut am dé lam kho
va xac dinh khéi lugng mang. Nhing mang nay vao dia
thuy tinh dung chat long ion va dat dia trong thiét bi hut
am trong khoang thai gian can thiét dé chat 16ng ion tham
nhap vao mang va én dinh. S&r dung gidy lua loai bé chat
I6ng ion trén bé mat mang va can dé xac dinh lugng chat
I6ng ion trong mang. Mang da tam chat l6ng ion dugc do
SEM dé xac dinh su thay d6i bé mat.

2.2. Do d6 thdm cta CO, va CH, qua mang tam chdt Iong
ion ché'tao duoc

So do6 hé thiét bi dung do dé tham cla cac khi qua
mang polymer tam chat 16ng ion va danh gia kha ning
tach khi cia mang dugc mé ta trén Hinh 1. Budng do dé
tham khi gébm 2 ngédn: ngan nguyén liéu va ngan tham.
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Thuyc nghiém dugc thyc hién & nhiét d6 phong. Mang
tdm chat 16ng ion dat gidra hai ngan. Dd chénh &p gitia hai
ngan la 0,7at. Su thay d&i 4p suat trong hai ngan dugc do
bang hai may do Extech, My.

3. Két qua va thao luan

Sau khi tdm chat 16ng ion [BMIM][BF,] va [BMIM]
[CH,COQ] dé 6n dinh trong 2 - 3 tuan, mang PES va mang
PVDF khéng thay c6 hién tugng d6i mau, cong va truong
nad, riéng mang cenlulose acetate c6 hién tugng bi truong.

[&c]

Hinh 1. Mé hinh hé thiét bi do dé thdm khi qua mang va ddnh gid
kha néing tdch khi cia mang tdm chét Iéng ion

3.1.Khéiluong cta cdc chdtIéng ion dugc mang Ién méang
3.1.1Khéi lugng cta cdc chét Idng ion dugc mang Ién mang PES

Khéi luogng clia cac chat léng ion dugc mang lén
mang PES dugc thé hién trong Bang 1.

Ta nhan thay khéi lugng cdc mang cling loai va khoi
lugng chét ldng ion tam I&én cac mang sai khac nhau rat
nho. Ching to ciu tric ctia mang la déng nhat va chat
Idng ion tdm Ién mang déu dan.

Thé tich & x6p clia mang PES tinh theo cong thuc:

Trong do:

V, : Thé tich x6p clia mang

Vmang:Thé’ tich ctia mang

Tu d6 tinh dugc V, cla moét mang PES bang
0,182.10°m?,

Khéi lugng chat long ion [BMIMI[BF ] la 0,2037g thé
tich chat 16ng ion mang |én mang PES la:

m
\ ; =0,1836cm*=0,1836.10°m?

[BMIMIBF4]

Khéi lugng chét 1dng ion [BMIM][CH,COQ] la 0,2108g
thé tich cuda [BMIM][CH,COO] mang |én

Bdng 1. Khéi Iurong chat 1dng ion [BMIMI[BF ] va [BMIMI[CH ,COO hdp thu trén mang PES la:
mang PES m ,

£ £ £ £ Viewmicrscoo, = 4 = 02066cm* =

i Khoi lwgng =~ Khoi lwong  Khoi lwong chat 0,2066.10°m?3

Chat léng ion mang trwéc mang sau Iéng ion da mang

khitdm (g) = khi tdm (g) I&én mang (g) So sanh cac gia tri nay vdi thé tich x6p
[BMIM][BF4] 0,0702 0,2728 0,2026 c@a mang PES cho thay thé tich ctia [BMIM]
[BMIM][BF 4] 0,0678 0,2726 0,2048 [BF,] va [BMIM][CH,COQ] trén mang PES
Trung binh 0,2037 sau khi tam 16n hon thé tich dé xép cta
[BMIM][CH3COO] 0,0672 0,2808 0,2136 mang, ching td chat Iéng jon da |ép déy
[BMIMI[CH:COO]  0,0650 0,2738 0,2080 16 x6p ctia mang PES va mot phan dinh
Trung binh 0,2108 trén bé mat cda mang. Do d6 nhét chat

Bdng 2. Khéi lugng chdt 1dng ion [BMIM][BF, ] va [BMIM][CH COO] hdp thu trén

léng ion [BMIM][CH,COO] (440cP) I16n hon
[BMIM][BF,] (108,25cP) tai nhiét do 25°C

mang PVDF nén dinh trén bé mat nhiéu hon dan dén
Khéi luong Khéi Iuong Khéi Iugng chat the tl?h mang lén mang cla chat lédng ion
Chatléng ion mang trudc mang sau 16ng ion da mang nay ciing cao hon.
khi tam (g) khi tam (g) l1én mang (g) , o
g g 9'9 3.1.2. Khéi luong cta cdc chdt Iong ion duoc
[BMIMI[BF,] 0,1355 0,2674 0,2319 . .
mang lén mang PVDF
[BMIM][BF ] 0,1351 0,2664 0,2313
Trung binh 0,2316 Khéi lugng clia chat long ion hap thu
[BMIM][CH,COO] 0,1358 0,2588 0,2230 lén mang PVDF dugc thé hién trong Bang 2.
[BMIM][CH;COO] 0,1354 0,2572 02218 Tuong ty thé tich d6 x8p clia mang
Trung binh 0,2224 PVDF la:
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V, =V .dox6p=0,195.10°m?

mang
TirBang 2 tinh dugc thé tich chat [ong ion [BMIM][BF,]
va [BMIM][CH,COOQ] trén mang PVDF la:

\Y

[BMIM][BF4] =

m

— =0,198.10°m?
d

\ ;= 0,218.10°m’

[BMIM][CH3COO:

K&t qua cho théy thé tich cta [BMIM][BF,] va [BMIM]
[CH,COQ] trén mang PVDF sau khi tdm cling I6n hon thé
tich d6 x6p clia mang. Diéu nay cling ching to chat long
ion da lap day 16 xdp ctia mang PVDF va mdt phan dinh trén
bé mat ciia mang. Thé tich chat long ion [BMIM][CH,COO]
mang |én mang cling cao han thé tich clia [BMIMI[BF,].

3.1.3. Khéi lugng cua cdc chdt I6ng ion duoc mang lén mang
cellulose acetate

Khoi lugng clia chat léng ion hap thu lén mang
cellulose acetate dugc thé hién trong Bang 3.

Thé tich do x6p cla mot mang cellulose acetate bang
0,182.10°m?,

Theo Bang 3, thé tich chat 16ng ion [BMIM][BF,] va

Bdng 3. Khéi lugng chdt Idng ion [BMIM[BF ] va [BMIMI[CH,COO hdp thu trén mang

[BMIM][CH,COQ] trén mang cellulose acetate dugc tinh
bang:

\ =0,1814cm*=0,1814.10°m?

[BMIMIBF4]

|3
S

V

[BMIM][CH3COO]

=0,1981cm?*=0,1981.10°m?

Thé tich ctia [BMIM][BF ] trén mang cellulose acetate
sau khi tdm xap xi bang thé tich d6 x8p ctia mang nén cé
thé coi nhu chat 1dng ion nay da 1dp day cac mao quén
cGa mang. Chat long ion [BMIM][CH,COOQ] trén mang
cellulose acetate sau khi tdm 16n hon so véi thé tich do
x6p clia mang, ching té chat long ion da lap day 16 x6p
ctia mang cellulose acetate va mot phan dinh trén bé
mat clla mang.

3.2. Két qua do SEM mang trudc va sau khi tdm chat
Iéng ion

Cac mang polymer trudc va sau khi tdm chat 1dng ion
dugc do SEM bang kinh hién vi dién ti quét-4800 HI-9057-
0006 tai Vién Vé sinh Dich té Trung uang. Hinh anh SEM thu
dugc ctla mang chat PES trudc khi tdm chat [dng ion va sau
khi tdm chat I6ng ion thé hién & Hinh 2 (a - ¢).

Trong Hinh 2a, cac 16 x6p dugc
phan b6 déu trén bé mat cla mang

cellulose acetate
- - - PES va db x6p clla mang tuong doi
P Khoilugng — Khéilugng  Khéilugng chat cao. Sau khi tm chét Iang ion lén
Chatléngion mang trudc khi mang sau léng ion da mang . < 16 x6b ci sna d bi ch

Gm(@  khitim(@ lenmang(o) mang, cac 16 x6p cla mang da bi che
[BMIMI[BF] 0,0790 0,2802 0,2010 phu hoan t?an ching t6 chat lédng ion
lap day va on dinh trén mang (Hinh 2b
[BMIM][BF,] 0,0794 0,2810 0,2016 . R ) T
binh va c). Biéu nay la hgp ly so véi két qua

Trung bin 0,2013 da tinh dugc 8 muc 3.1.

[BMIM][CH;COOQ] 0,0787 0,2790 0,2003

[BMIM][CH,COO] 0,0792 0,2830 0,2038 Hinh 3 (a - c) thé hién hinh anh
Trung binh 0,2021 SEM ctia mang PVDF trudc va sau khi

tdm cac chat 16ng ion.

: N e
Y. 82mi 10,0k SEVILAD) 5
Hinh 2b. Bé mdt mang PES sau khi tdm chdt Iéng ion [BMIMI[BF ]

S0 00 4.0k & 4 gk SE(M.LAO) 151
Hinh 2a. Bé mdit mang PES trudc khi tdm chdt 16ng ion
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Hinh 2c. Bé mdt mang PES sau khi tdm [BMIM][CHsCOO] Hinh 4a. B¢ mdt mang cellulose acetate

Hinh 4c. B¢ mat mang cellulose acetate sau khi tdm [BMIMJ[CH ,COO]

Hinh 3a cho thay bé mat mang PVDF gém cac 16 x6p
phan b8 déng déu, 6n dinh va dé x6p cao. Trong Hinh 3b
va 3¢, chatlong ion da che phl mét phan 16 x6p cla mang
PVDF. Anh SEM cho thay cac chat 1dng ion dugc mang déu
dan va én dinh trén mang PVDF.

Hinh anh SEM ctia mang chat cellulose acetate truéc
va sau khi tdm chat 16ng ion thé hién 6 Hinh 4 (a - ¢).

Hinh 4a cho thdy cac 16 x6p dugc phan bo déu trén

A / 3 bé mat mang cellulose acetate, d6 x6p clia mang kha 16n.
Hinh 3c. B¢ mdt mang PVDF sau khi tdm [BMIMJICH, COO] Sau khi t&m chéat Idng ion [BMIM][BF,]1én mang (Hinh 4b)
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cac 16 x6p ctia mang khéng con, d6 bén ca hoc ctia mang
gidm di nhiéu. Khi tdm chét léng ion [BMIM][CH,COO] Ién
mang cellulose acetate cac 16 x6p trén bé mat mang bi
che phi mét phan (Hinh 4c).

Diéu do chiing t6 mang cellulose acetate khéng phu
hop dé st dung chat I6ng ion [BMIM][BF,], do mét s6
nguyén nhan: su khong tuong thich ctia chat 16ng ion va
mang cellulose acetate; khi cac chat 16ng ion dugc tdm
Ién mang cellulose acetate, cac 16 x6p gan nhu bi bit kin
ti ngay ngoai bé mat hodc bi che pht phan 1én; cac tinh
chat co, ly cila mang cellulose acetate khéng phu hop dé
mang chat léng ion.

Trong nghién clu nay, hai mang PES va PDVF phu hgp
d€ tdm cac chét long ion téng hop la [BMIM][CH,COO] va
[BMIMI[BF,]. Sau khi s&r dung cac mang tdm chét 1dng ion
dé xac dinh d6 tham clia cac khi qua mang cé thé két luan
vé kha nang st dung cdc mang nay cho murc do tach khi
CO, ra khdi khi methane.

3.3. Bdnh gid dé thdm cia CO,va CH, qua mang tdm
chdt Iéng ion

Thuc hién do dé tham clia khi CO,va CH, qua mang
PVDF tdm chat 16ng ion [BMIM][CH,COOQ] theo cac budc
da néu & phan thuc nghiém, thu dugc cac s6 liéu & Bang
4. Ap dung céng thic sau dé tinh dugc d6 tham cda khi
qua mang:

1 [pfeed - pperm ]0 1 Ap() t
—In] ——— 2 |=— — |=p-
lB [p_/'eed—pperm] ﬂ Ap )
Trong do6:

Preq VA P perm’ Ap suat trong ngdn nguyén liéu va ngén
tham (Pa);

P: D6 tham clia mang (m?s);

Bdng 4. D6 thdm ctia khi CO, va CH, qua mang PVDF tdm chdt I6ng ion

t:Thai gian;
I: D6 day ctia mang (m);

B: Théng s6 hinh hoc dac trung cho hinh dang cta
budng thi nghiém (Hinh 1) dugc tinh theo céng thic:

Trong do:
A: Dién tich mang (m?);

V. vaV__ :Thé tich cha ngan nguyén liéu va ngan

feed perm”

tham (m3).
Trong trudng hop nay, B = 11,428

Do chon loc ly tuéng a , , dugc xac dinh béi cac do
tham riéng cla hai khi nguyén chat khac nhau (A va B):
P
Y4/B = P_A
B
Theo Bang 4, d6 chon loc ly tudng cia mang PVDF
tam chét long ion [BMIM][CH,COO] la 6,25. V6i gia tri
dé chon loc nay mang PVDF tdm chéat I6ng ion [BMIM]
[CH,COQ] sr dung tuong dai tét cho qua trinh loai khi CO,
khoi hén hgp khi hydrocarbon.

4.Kétluan

Cac chat 1éng ion [BMIM][BF,] va [BMIM][CH,COQ]
da dugc tdm thanh céng 1én mang polymer PES va PVDF
bang phuang phap ngam tdm truc ti€p. Cac phép do: can
khéi lugng va SEM cho thay chat long ion da lap day 16
x6p clla mang polymer va mét phan dinh trén bé mat
cla mang. Thé tich chat 1dng ion [BMIM][CH,COO] mang
lén mang cao hon thé tich cta [BMIMI[BF,] do [BMIM]
[CH,COO] c6 dd nhét cao hon. Mang cellulose acetate bi
truong sau khi tdm cac chat 16ng ion nghién cdu
nén khong thich hgp dung dé tam chat long ion

[BMIMJ[CH,CO0] [BMIMI[BF,] va [BMIMICH,COO cho qué trinh loai
Khi t(s) P;.cq (atm) Pperm (atm) P(m2s™”) khi CO, khdi hon hop véi khi hydrocarbon. Két
0 0,94 0,18 ludn nay ciing phu hgp vaéi két qua do SEM.
;'iii g’zz g’;z ;’Zzi':g_z Nhiing nghién ctu budc dau cho thay do
co, 4630 0’91 0’21 2’331 r=r chon loc cua méng PVDF tam chat Iéng. ion
2 ' ' aeds [BMIM][CH,COO] vi khi CO, va CH, tuong déi cao
D6 tham trung binh 2501.10 (6,25). K&t qua nay cho thdy tiém nang st dung
’ 95? g;j g](z) 03411010 mang polymer tdm chat Iéng ion trong cac qua
28.382 0,76 0'13 0'421'10_]0 trinh ta:\ch khi CO,. Can c6 nhitng nghién ctiu sau
CH, : d d e hon dé lua chon ra chat long ion, mang polymer
93?3:“6 o 0;175 0,14 0’4:2'127: va cac thong s6 phu hgp nham cai thién d6 chon
Qt am trung n ,4.10

loc va tang hiéu suat tach khi.
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Investigation of the process of supporting ionic liquids on

polymer membranes for CO, separation from
CO,/hydrocarbon gas mixture

Bui Thi Le Thuy

Summary Hanoi University of Mining and Geology

Some 1-butyl-3-methyl-imidazolium based ionic liquids were supported on polyethersulfone, polyvinylidene
fluoride, cellulose acetate membranes to form supported ionic liquid membranes (SILMs). The preparation of SILMs
was performed by soaking membranes in the ionic liquids. The amount of ionic liquid supported on membranes was
determined by weighing membranes before and after soaking in ionic liquid. SILMs were characterised by scanning
electron microscopy (SEM). lonic liquids filled up the pore and covered the surface of the membranes. The permeability of
CO, and CH, through 1-n-butyl-3-methyl-imidazolium tetrafluoroborate supported polyvinylidene fluoride membrane
was investigated. The high selectivity of CO,/CH, gas mixture shows that SILM can be used for CO, separation.
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