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TOM TAT

V&i muc dich st dung mang di ftcr
Polysulfone (PSf) dé lam giau oxy tir khéng
khi, mang bat déi xing dwoc hinh thanh tw
phuong phép ddo pha két tda ngam khé/uét.
Phuong phdp hinh thanh mang véi sw két
hop cua qua trinh bay hoi dung méi trong
khéng khi tiép theo dé la qua trinh ngdm két
tda trong bé déng két chira nuéc. Lop trén rat
méng cla mang bét déi xung dwoc hinh
thanh & giai doan bay hoi dung méi. Cac anh

huéng ctua 3 théng sb 1én qué trinh hinh
thanh mang nhuw: néng dé polymer, thoi gian
bay hoi va ty Ié gitta cac dung méi
Tetrahydrofuran  (THF)/N-methylpyrrolidone
(NMP) duwoc nghién ctru. Tir nhiing két qua
thuc nghém, mang loc bét dbi xirng hinh
thanh tcr phuong phép cé hé sé chon loc cao
nhét = 1,53 tai 4p suét 0,1 MPa vé&i luu luong
oxy di qua mang 0,0310 ml/s.

Ttr khéa: polysulfone, ngadm két tia, khi oxy, mang bat dbi xirng, bé déng két

MO PAU

O nhiém moi trudng 1a van dé dang duoc
toan thé giéi quan tdm. Hién nay, da c6 rat nhiéu
c4c bién phap phd bién duoc dua ra dé xu 1y cac
6 nhiém nhu: nudi vi sinh vat hiéu khi trong nuéc
thai sinh hoat dé loai bo nhitng chat ban hiru co
(géc nito, photpho...), sir dung than hoat tinh dé
hip thu nhimng khi doc sinh ra trong cac nha may
san xuat, chon lap rac thai lam phan sinh hoc
hozc sir dung cac 16 d6t réc ty nhién [1].

Cac qua trinh xtr 1y dya vao vi sinh vat hoac
st dung bién phap dbt déu can cung cip mot
luong oxy lién tuc va 6n dinh. Pac biét, cac vi
sinh vat phat trién nhanh hon khi dugc cung cip
dong khi gidu oxy (>21%) s& rit ngin thoi gian
Xt ly nudc thai ciing nhu thoi gian u rac giup
nang cao hiéu qua xu 1y [2]. Bén canh do, qua
trinh d6t khi sir dung dong khi c6 ham lwong oxy

cao va nito thap s& dién ra hoan toan hon [3], han
ché dugc cac khi 6 nhiém sinh ra trong qua trinh
Chéy nhu: NO)(, CO, C)(Hy...

Vé6i muyc dich tao ra ngudn khong khi ¢6 ham
luong oxy cao dé nang cao hiéu qua xur Iy moi
truong, mang loc khi bat ddi xtung polysulfone
VGi cau trac gdm: 16p trén dic - mong thé hién
kha niang chon loc va 16p dudi xop - day nang
cao co tinh cho mang ché tao bang phuong phap
déo pha [4], dugc nghién ctru kha nang lam giau
khi oxy thong qua hé thdng hip thu khi. Mang
dugc hinh thanh bang phwong phap dao pha két
tia ngam kho/uét gdm hai giai doan: giai doan
dau cho bay hoi dung méi hinh thanh 16p mang
ngan phia trén dac mong s€ tri hodn qua trinh
tach pha va tao 16p x6p ¢ mat duéi khi qua giai
doan ngam két tia trong bé dong két [5]. Mot s6
cac yéu té dwoc dua ra khao sat nhu: ndng do
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polysufone, thoi gian bay hoi dung moéi va ty 1€
dung méi THE/NMP gitp tao ra mang phang PSf

THUC NGHIEM

Nguyén li¢u

Tetrahydrofuran: C4Hs0, National
High-technology ~ Corporation.  N-methyl-2-
pyrolidinone:  CsHoNO, MECK.Polysulfone:
(OCeH4OC5H4SOzCeH4)n, Mw=28963 (g/mol),

MECK. Nudc cit.
Noi dung nghién ciru

Mau duoc ky hiéu x.yT.z twong ng theo thir
ty sau: néng do PSf trong dung dich duc
la x %, dung moi c6 chira y% THF va bay hoi
dung méi bang phuong phap z.

PSf dugc cho hoa tan trong NMP ¢ nhiét do
60°C trong thoi gian 10 + 12 tiéng véi nong do
can khao sat. Bé 6n dinh dung dich, sau d6 cho
tiép mot lugng THF véo hoa tan ¢ nhiét do phong
trong thoi gian 6 + 8 tiéng.

Dung dich trén duge kéo mang 1én tim kinh
bang dao gat mang, sau d6 dé bay hoi ngoai
khong khi. Ngdm mang vao trong bé nuéc trong
12 tiéng. Sy mau ¢ nhiét d6 60 +~ 70°C trong ta
sdy chan khong.

Anh hwéng ciia nong dp Polysulfone

Polysuflone 1a vat liéu cau thanh nén mang,
ndng d6 cua polysulfone anh huong rat nhidu dén
cdu trac cua mang loc khi, do d6 ta khao sat:
18%, 22%, 26% (khdi lwong)

Anh huéng ciia qud trinh khé

Thoi gian bay hoi ctia dung mdi 1a mot yéu
t6 quan trong trong qua trinh hinh thanh 16p trén
O giai doan kho. Thoi gian bay hoi trudc khi
ngdm s& thay doi nhu sau: dé kho ngoai troi 30
gidy (O +30), dung hoi cudng buc thdi cho dén
khi mang duc sau d6 dé én dinh 30 gidy (T + 30),
bay hoi ty nhién ngoai khong khi dén khi mang
duc sau d6 dé 6n dinh 30 giay (D + 30), bay hoi

c6 cau tric bat dbi xing nang cao hiéu qua lam
giau khi oxy.

tu nhién ngoai khong khi dén khi mang duc dé 6n
dinh 120 giay (b + 120).
Anh hwéng ciia 1y 1¢ THF/NMP

NMP la dung moéi manh cé tac dung tao nén
cau 15 xop ngay tuac thoi, con THF 1a mét loai
dung mdi yéu dé bay hoi, c6 tac dung tri hodn
tich pha. Cac ty lé cia 2 loai dung méi
THF/NMP duoc khao sat 1a: 10/90, 20/80, 30/70.
Phwong phap danh gia
Ddnh gid ciu tric

Thong qua chup anh SEM mit cit ngang cua
mang véi cac do phong dai khac nhau, quan sat
hinh thai 16 x6p ciing nhu mat do va cau trac
mang. Stir dung may chup anh SEM hiéu FESEM,
S4800-Hitachi.

Dadnh gia khd nang lam giau khi oxy

Trong diéu kién tao duoc phic bén trong
dung dich NHs thi thé caa Cu?*/Cu giam xudng
nén phoi dong bi oxy hoa béi oxy co trong dong
khi can phén tich tao thanh CuO, sau d6 tan ngay
trong dung dich NH3

CuO + 4NHs + H,0 — [Cu(NHs3)2](OH)2
(mau xanh lam)

Oxy cuia hdn hop can do tac dung véi phoi
lam giam lugng oxy c6 trong hdn hop khi lam thé
tich ciia hdn hop giam xudng. Khi do, do giam
thé tich chinh Ia lugng oxy c6 trong hdn hop khi
can phan tich.

Bén canh d6, luu lugng oxy di qua mang
ciing dugc khao sat dé danh gia kha nang @ng
dung mang loc khi hinh thanh.

Cong thirc hé sé chon loc va luu luong oxy
di qua mang dugc tinh nhu sau:

.V v
He s6 o= o Luu luong Q = — (ml/o
0
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S4800-NIHE 10.0kV 8.4mm x

Trong d6:

- V: thé tich khi oxy do dwoc trong 100ml

khi sau khi qua mang loc

KET QUA VA BAN LUAN
Anh huéng cia nong do Polysulfone

Lép mang dung dich dic c6 nong do
polysulfone 1a 18% dén 26% sau khi kéo dugc
cho bay hoi ty nhién ngoai khong khi dén khi
chuyén dyc, cho 6n dinh 30 gidy, ngam trong
bé dong két chira nudc.

Két qua chup SEM ¢ hinh 1 cho thdy, véi
mau 18.10T.D+30 mang c6 ciu trac rdng kha
cao, kich thuéc cua 16 x6p 1én va cac 16 x6p
thong nhau. Khi ting dan ham luong PSf, ciu
trac 16 x6p ¢ ca hai mang 22.10T.D+30 va

2 00k SE(M,LAD) 5/27/2013

- Vo: thé tich khi oxy do dwgc trong 100ml

khong khi.

-t thoi gian cAn d& 100ml khi cin do

di qua mang.

26.10T.D+30 mat do ting 1én, kich thuéc 16
giam xudng va day dic trong toan bo 16p dudi.

Dya vao gian dd 3 ciu tur hinh 2 cho théy,
khi ham lugng polyme cang tang thi duong di
clia qua trinh hinh thanh mang s& dich chuyén
cang gan vao ving gel 14 ving mot pha s& nang
cao ti I¢ ctia vung pha giau polyme (doan DL
tang lén). Ham luong vung giau polyme cang
nhiéu, c4u trac mang cang 6n dinh va day dic
hon [6].

Hinh 1. Anh SEM mit cit ngang x2,00k ctia cac mau: 18.10T.D+30(a), 22.10T.D+30(b),
26.10T.D+30 (c)
Polyme

Vimng hai pha

Biém hoa rin

Piém két tia

Dung méi

L Phi dung méi

Hinh 2. Gian d6 ba pha thé hién cac pha ing véi cac ty 1¢ cau tir
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Hinh 3.D0 thi lién hé giira hé s6 o - 4p sudt (a), ap suat - luu lwong (b) ctia cac mau: 18.10T.D+30,
22.10T.D+30, 26.10T.D+30

S4800-NIHE 10.0kV 8.5mm x50.0k SE(M, L»\ 5 20

Hinh 4.Anh SEM mit cit ngang x50,0k clia cic mau: 18. 10T b+30 (a) 22.10T.D+30 (b)
26.10T.D+30 (¢)

Duya vao d6 thi (hinh 3 - a) cho thay, mang vai
ndng do polysulfone thip (18%) hau nhu khong co
kha ning chon loc & moi 4p suét khao sat. Tai hai nong
do PSf cao hon 1a 22% va 26 %, mang da thé hién
duoc kha nang chon loc nhung khong cao vai hé s6 o
= 1,16 tai 4p sudt nho 0,025 Mpa. Pic biét,
26.10T.D+30 thi hé sb o ciing chi bang véi miu
22.10T.b+30 nhung luu lwong qua mang ciing kha
thap 0,3143 ml/s & ap suat 0,1 Mpa.

Hinh 4 véi do phong dai x50,0k cho thdy: khi
ndng do PSf ting 1én thi bé day 16p trén khong khac
nhau nhiéu, tuy nhién cau tric 16p dudi qua day dac &
mau 26.10T.D+30 lai anh huong rat nhidu dén luu
luong khi di qua mang. Nhu vdy, mang 22% PSf s&
duoc chon dé tiép tuc nghién ciru anh huong ciia qua
trinh bay hoi 1én bé day cua I6p trén nhim nang cao
hiéu qua chon loc clia mang.

Anh huéng ciia qua trinh kho

Vi cac thoi gian va diéu kién bay hoi dung moéi
khac nhau ciia cic miu mang ta nhan thiy: mang c6 hé
s6 chon loc cao nhat 1a mang 22.10T.T+30 véi a =
1,26 va Iuu lugng 0,1067ml/s & ap suat 0,2 Mpa. Tiép
d6, mang 22.10T.D+120 ciing thé hién kha ning chon
loc kha 5t véi h¢ s& o = L1l
0,1520ml/s & 4p sudt 0,25 Mpa, cao hon mang
22.10T.b+30.

V6i mang khi cho bay hoi trong khong khi 30
gidy roi ngdm ngay vao nudc thi ciu tric mang véi sb
luong 16 macrovoid hinh dang thon nhiéu do qua trinh
dao pha dién ra tic thoi va rit manh nén khong c6 kha
ning chon loc (hinh 6 - b). Trong khi d6 néu qua trinh
bay hoi dén khi bé mat mang chuyén dan duc hay
ding hoi cudng birc dé mang chuyén duc roi mai

luu luong

ngam vao nudc, bé mat mang hinh thanh nén 16p trén
didc gitp tri hodn qua trinh tach pha do d6 cac 16
macrovoid khong xuat hién.
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Hinh 5. D6 thi lién hé gitra hé s6 o - 4p suit (a), ap sudt — luu lugng (b) cua cac mau: 22.10T.0+30,
22.10T.T+30, 22.10T.B+30, 22.10T.D+120

Hinh 6. Anh SEM mit cit ngang x500 cua cac mau: 22.10T.T+30 (a), 22.10T.0+30 (b),
22.10T.D+30(c), 22.10T.D+120 (d)

Qua anh SEM chup bé day 16p trén
cua mang 22.10T.b+30 va 22.10T.D+120 cho

thdy, thoi gian 6n dinh san pham dai thi bé day

16p trén tang 1én, 16p dudi dac hon nén luu lugng

gua mang giam rat dang ké. Trong khi d6, mang
22.10T.T+30 c6 céu tric 16p dusi mat do 15 xp
khé cao va bé day 16p trén kha mong khoang 0.24
um s& tang Ivu lwgng khi di qua mang.
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Hinh 7. Anh SEM mit cit ngang x25,0k cta cac mau: 22.10T.T+30 (a), 22.10T.D+30 (c),
22.10T.D+120 (d)

Anh hwéng caa ty 18 THF/NMP

Khi ting ham lugng THF trong dung dich
duc tir 10% dén 30% ta nhan thay: hé sb o cua
mau 10% THF nhé hon nhiéu so véi hai miu kia,

cao hon nhiéu (0,1221 ml/s) ciing tai ap suét 0,1
Mpa va cho h¢ sé a=1,37, trong khi d6 céu tric
l6p duéi ciia cic mang véi kich thude 16 giam

dan va mat do 16 ting dan va khong thay c6 su
hinh thanh cua cac 16 Macrovoid (hinh 8).

mang 22.30T.T+30 cho hé s6 o = 1,53 cao nhat
v6i Iuu lugng khoang 0,0310 ml/s ¢ 4ap suat 0,1
Mpa (hinh 9), mang 22.20T.T+30 cho hru lugng

Hinh 8. Anh SEM mit cit ngang x500 cuia cac mau: 22.10T.T+30(a), 22.20T.T+30(b), 22.30T.T+30(c)
(b) PO THILIEN HE AP SUAT - LUU LUQGNG
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Hinh 9. D6 thi lién hé gitra hé sb - 4p sudt (a) va ap sudt - luu lugng (b) cua cac mau: 22.10T.T+30,
22.20T.T+30, 22.30T.T+30
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Quan sat bé day cua I6p trén cia ba mau
ciing cho thay, ham lugng THF cang cao khi bay
hoi s& dé lai I6p trén c6 ndng d6 PSf ting dan &
giai doan kho hinh thanh nén 16p trén. Kha nang
chon loc ctia mang ting 1én khi ting bé day cua

I6p trén ctia mang (hinh 10). Cac két qua cho
thay, ham lwong THF chiém 30 % co cau trac 16p
trén day, 16p dudi véi mat do cac 15 xdp cao cho
hé sb chon loc cao nhét & 4p sudt 0,1 Mpa.

Hinh 10.Anh SEM mit cit ngang x50,0k cta cac mau: 22.10T.T+30(a), 22.20T.T+30(b),
22.30T.T+30(c)

KET LUAN

Céc két qua cho thidy ham lugng PSf c6
trong dung dich duc tang 1én thi mang tao thanh
¢6 cau trac day dic, kich thudc cac 16 xop giam
dan, bé mat mang it khuyét tat va luu lugng khi
di qua mang giam. Qua trinh bay hoi cudng buc
s& hinh thanh mang loc khi ¢ ciu trac 16p trén
rat mong va 16p dudi c6 mat do 16 x5p cao, mang
¢6 hé sb chon loc tuong ddi cao va luu lwong oxy
di qua mang cao. Luong THF bay hoi s& dan dén
mang hinh thanh ¢6 c4u trac 16p trén phu hop cho
yéu cau diéu chinh bé day dé c6 hé s6 chon loc

thich hop nhat. Mang loc bat d6i xtng hinh thanh
theo phuong phap dao pha két tia ngam kho/udt
véGi dung dich chira 22% PSf vai ti 1€ THF/NMP
la 30/70, cho bay hoi cudng birc ¢6 dong khi di
qua mang véi hé sé chon loc 1a 1,53 ¢6 kha ning
ung dung trong linh vyc moi truong.
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Enhancing concentration of oxygen by
polysulfone membrane for
environmental applications
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ABSTRACT
For the purpose of using membranes
from polysulfone (PSF) for oxygen

enrichment, the membranes were prepared
by dry/wet method. This method was involved
in evaporation step in the air followed by an
immersion into a water bath. Then a thin top
layer of the asymmetric membrane was
formed in the evaporation step. There are
three experimental parameters that influce

the formation of membrane including polymer
concentration, evaporation time, and the ratio
of tetrahydrofuran (THF)/N-methylpyrrolidone
(NMP) were studied. From experiments,
some results of polysulfone membrane
formed by dry/wet method showed high
selectivity coefficient of 1,53 at 0,1 MPa
pressure with the flow of oxygen through the
membrane of 0,310ml/s.

Keywords: polysulfone, phase inversion, oxygen, asymmetric membrane, immersion bath
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