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Tom tit:

Trong nghién c1ru nay, phuwong phap dong tu ddo pha da dwoc ap dung dé ché tao mang loc polyme poly(etesunphon)
(PES) dang soi rong Anh huéng cia nong do PES dén tinh chit co Iy va nang suit lgc ctia mang loc da dwo‘c khdo
sat. Két qua cho thay, dé nhét ciia dung dich ph01 liéu ting dén tir 119 mPa.s Ién dén 1.300 mPa.s khi tang nong do
PES trong khoing nghién ciru (15-22%). P bén kéo ciia mang loc ché tao dwoge ¢6 xu hwéng ting (tir 3,63 MPa lén
dén 5,56 MPa) khi do nhét ciia dung dich phéi liéu ting. Trong khi d6, niing suit loc riéng phén ciia mang loc lai ¢é
xu huéng giam khi nnng do PES tang. Nang suét loc riéng phén ciia mang loc ché tao tlr dung dich ph61 liéu co n(‘)ng
do PES 15% la 82,74 1/m?.h.bar nhlmg khi tang ham luwgng PES 1én 22% mang lgc gan nhw khéng c6 kha ning lgc.
Anh hwéng ciia viée bo sung thanh phin chat phu gia (tir 3-10% polyvinylpyrrolidone) nham tang kha ning tao 15
xop, qua do giup ting nang suit loc cia mang loc, cung da dwgc nghién ctru. Véi ham lu’(fng chit phu gia 1a 10%,

nang suit loc riéng phan cia mang loc ting gap 5 14n so véi treong hop khong sit dung chit phu gia.

Tir khéa: kéo sgi, mang loc sgi rong, ning suét loc, phwong phap dong tu ddo pha, poly(etesunphon).

Chi s6 phén logi: 2.7

Dat van de

Nude sach 1a mot trong nhimg yéu t6 thiét yéu dé duy tri sy
sdng cta con ngudi va cac sinh vat. Do vdy, dam bao chat luong
moi trudng nude 1a mot van dé quan trong. Cong nghé loc mang,
Umg dung trong cdc qua trinh xtr Iy nude va nudce thai, cho phép
loai bo cac chit gy 6 nhiém, chat rin lo limg, ciing nhu mot so
vi khudn ¢6 hai ma khong can sir dung héa chét [1]. Vi vdy, trong
vai thap nién tro lai day, ché tao mang loc néi chung va mang
vi loc, siéu loc ndi riéng da va dang thu hut sy quan tim trong
nghién ctru phat trién va hoan thién cong nghé tai nhidu quic
gia. Mang loc polyme 1a mdt phan mang dang dugc ing dung
nhiéu trong giai doan hién nay nh¢ tinh vu viét vé d6 bén co ly,
d6 bén hoa hoc va tinh déo. Céc vat lidu polyme thuong duoc
st dung c6 thé ké dén nhu: polysunphon (PS), poly(etesunphon)
(PES), poly(vinylidendiflorua) (PVDF), xenlulo axetat (CA),
xenlulo nitrat (CN)... [1, 2]. Trong s6 d6, mang loc ché tao tir
vat liéu poly(etesunphon) 1a mot loai mang loc ¢6 kha nang chiu
anh huong cta hoa chét, chiu nhiét, c6 do bén co hoc tét va toc
d06 loc nhanh. PES chu yéu duogc su dung trong ché tao céc loai
mang siéu loc, vi loc va loc thdm tach. Sy hinh thanh céu trac
mang loc trong qua trinh ché tao phu thudc vao cic thong sd
dong hoc va nhiét dong nhu ty 1¢ giira dung moi va chat tan, dong
hoc clia qua trinh ddo pha, twong tac gilta polyme vdi dung mai,
dung méi vai chét tan va sy 6n dinh bé mat. Nhiéu nghién cuu da
dugc cong b khang dinh anh huong cia quy trinh ché tao dén
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cac tinh chit co 1y va ning suét loc cia mang loc [3-6]. Do do,
viéc lya chon thanh phan cua dung dich polyme rat quan trong va
can dugc diéu chinh pht hop véi timg Gng dung cu thé. Cac yéu
t6 chinh anh hudng dén higu suat loc mang 1a ty 1¢ thanh phan
polyme, nong do dung mdi va moi truong gel héa [3, 4, 6, 7].

Dimethylfomamide (DMF) 1a mét trong nhimg dung moi phén
cuc dugc tmg dung rong rai trong ché tao mang loc bang phuong
phép ddo pha do DMF c6 kha nang hoa tan cac polyme nhu PES,
PVDF, PAN (poly-acrylonitrile), PVC (poly-vinyl clorua), CA...
[7, 8].

Mang loc polyme & dang soi rong c6 nhiéu wu diém hon mang
loc & cac hinh dang khac nhu ty 1€ di¢n tich bé mat trén cung mot
don vi thé tich mang 16n hon nén ning suat loc cao hon, cho phép
tiét kiém duoc nang luong, chi phi trong qua trinh vén hanh [9,
10]. Mang loc polyme dang soi rong co thé dugc ché tao bang
nhiéu phuong phdp khac nhau. Tuy nhién, ky thut dong tu ddo
pha (TIPS) két hop cung thiét bi kéo soi dugc sir dung pho bién
do ¢ nhiéu wu diém hon so véi cic phuong phap truyen thong
khdc. Trong phuong phap ndy, sw phén tach pha dién ra qua qua
trinh chuyén nhiét. Phdi liéu dwgc chuin bi bang cach khudy tron
hdn hop polyme va phu gia & nhiét do cao hon nhiét do phong.
Su phan tach pha sé dién ra khi giam nhiét d9 ctia dung dich phoi
liéu [10-13]. Kich thu6e 16 ciia mang thuong duoc kiém soat
thong qua toc do 1am lanh [11].

Trong nghién ctru nay, ham lugng cia polyme (PES) trong
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Abstract:

In this study, thermally induced phase separation
(TIPS) method was used to fabricate hollow fiber membranes
from the dope solution of polyethersunfone (PES) in
dimethylformamide (DMF) solvent. The effect of PES
concentrations (in the range of 15-22%) on mechanical
properties and filterability of the PES membranes was
investigated. Results showed that the viscosity of the dope
solution increased from 119 mPa.s to 1,300 mPa.s when
increasing the PES concentration. The tensile strength of
manufactured membranes tended to increase (from 3.63
MPa to 5.56 MPa) as the viscosity of the dope solution
increased. Meanwhile, the specific flux of fabricated
membranes tended to decrease as the PES concentration
increased. The the specific flux of membranes fabricated
with the PES concentration of 15% was 82.74 1/m%h.bar,
but the membrane seemed to have no filterability when
the PES concentration was increased to 22%. Results also
indicated that the usage of pore forming additive (3-10%
of polyvinylpyrrolidone) led to higher water fluxes. With
an additive content of 10%, the specific flux of the PES
membranes increased five times compared with the case
without any additive.

Keywords: filtering flux, hollow fiber membrane,
polyethersulfone, spinning, thermally induced phase
separation method.
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dung méi (DMF), ham lugng chét phu gia tao 16 (PVP) dén tinh
chét co ly va tinh nang loc cua mang loc da dugc khao sat. Két
qué trinh bay trong bai bao nay 1 tién dé cho cac nghién ciru tiép
theo nham hoan thién quy trinh ché tao mang loc polyme dang
501 rong.

Vat liéu va phuong phap nghién ciiu
Nguyén vit ligu

Polyme sir dung trong ché tao mang loc soi rong 1a PBS
¢o trong lugng phan tu trung binh 62.000 g/mol (Solvay, Bi),
DMF d¢ tinh khiét >99% (Han Qudc), phu gia tao 16 mang
polyvinylpyrrolidone (PVP) c6 trong luong phan tir trung binh
18.000 g/mol (Trung Qudc).
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Hinh 1. Cau tric phan tif PES (A) va hai dang ciu tric cong huéng
ctia DMF (B).
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Phwong phap nghién ciru

Phuong phap ché tao mang loc soi rong: mang loc soi rong
PES duogc ché tao bang phuong phap dong tu dao pha (TIPS) theo
cac budc mo ta ¢ hinh 2.
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Hinh 2. So db ché tao mang loc sgi rong PES bang phuang phép TIPS.

Dung dich phdi liéu dong thé dugc chuén bj trong binh cau
day tron 3 cd, khuéy tron trong 5 gio tai nhiét 46 80°C. Thi
nghiém khao sat anh hudng ciia ndng do polyme voi cac ty 1€
PES trong dung dich lan luot 14 15; 17,5; 20 va 22(%). Anh huong
cua phu gia tao 16 dwoc thyc hién véi ham luong chét phu gia tur
3-10%. D9 nhot ctiia dung dich phéi liéu duoc xac dinh bé‘mg may
do do nhot (NDJ-8S, Hinotek). Bot khi ton tai trong dung dich
phéi liéu dugc loai bo hoan toan trude khi tién hanh phun soi,
kéo soi bé‘mg hé thiét bi ché tao mang loc soi rong (HFM, Philos).
Mang loc PES soi rong duoc ngam 2 gio trong nudc cat 2 lan tai
nhiét d6 45°C, sau d6 lam kho tw nhién trude khi tién hanh khao



s Khoa hoc Ky thuat va Céng nghé

sat, danh gia céc tinh chét.

Phuong phdp danh gid tinh chdt mang loc soi rong: d6 bén
co 1y ctia mang loc s¢i rong duge danh gia thong qua céc chi tiéu
d6 bén kéo va do gian dai twong dbi. Hai chi tiéu nay di duoc xéc
dinh str dung thiét bi do tmg suat (Instron 5500, M¥) véi toe do
kéo 2 mm/phit, nhiét do 25°C, do 4m 70-75%. Gia tri thu dugc
1 gi tri trung binh ciia 5 miu do. Ning suat loc riéng phan va
tré khang noi tai ciia mang loc ché tao duge duoc khao sat thong
qua qué trinh loc nudc khir ion v6i gia tri chénh l1éch 4p sudt cd
dinh (0,5 bar).

Két qua va thio luan
Anh hwing ciia nong dp PES

Két qua thyc nghiém khéo sat énh huong cua ndng do PES
trong dung dich phoi li¢u dén tinh chat cia mang loc dugc trinh
bay o bang 1.

Bang 1. Anh hudng ctia ty 1é PES/DMF dén dic tinh ctia mang loc.

Kv~hiéu % % DV Ponhét Ningsudtlocriéngphan Do bénkéo DO gidn dai
mau PES (mPa.s)  (I/m%h.bar) (MPa) tuong ddi (%)
P1 15 85 119 82,74 3,63 19,2

) 175 85 210 16,76 301 49,5

P3 20 80 638 8,74 5,06 59,7

P4 22 78 1.300 1,49 5,56 63,2

Tur bang 1 nhan thay, khi ham lugng polyme PES ting tir 15
16n 22%, d6 nhét cia dung dich phdi liéu ciing tang ty 18 thuan
tir 119 1én 1300 mPa.s. Nong do polyme ting dong thoi lam gia
tang do bén kéo ciing nhur d6 gian dai twong dbi cia mang loc soi
rong, trong khi d6 kha nang loc cua mang loc lai giam di dang
ké. Vi nong do PES 1a 15%, nang suét loc riéng phan ciia mang
loc da ché tao dat gia tri cao nhét (82,74 1/m>.h.bar). Nhu vay,
voi néng do PES nay, mang loc da duoc hinh thanh véi cac 10
mang thudn loi cho qua trinh lgc nudc. RS rang, vai ty 1€ PES/
DMEF phii hop, mét d6 phan tir polyme trong dung dich phéi liéu
thuan loi cho qua trinh chuyén pha hinh thanh mang loc c6 cac
16 mang trén thanh soi rong. Ngoai ra, thyc té cho théy, khi ham
lugng PES thap hon 15%, dung dich phdi lidu co d6 nhét rat thap
(<100 mPa.s), rit kho hinh thanh mang loc dang sgi rng trong
giai doan phun sgi, kéo sgi. Trong khi do, voi néng do PES cao
hon 22%, mang loc soi rong ché tao dugc khong c6 kha nang loc.

Anh hwong ciia ham lwgng chit phu gia tao 16

Trong cac khao sat tiép thep, chat phu gia tao 16 di dwoc thém
vao dung dich phoi ligu dé ché tao mang loc PES.

Ddc tinh cia mang loc khi co mat chat phu gia tao 16 trong
dung dich phoi liéu: trong thi nghiém nay, chit phu gia tao 10
dugc thém vao dung dich phdi lidu véi ham lwong 5%, c6 dinh
trong cac dung dich phdi liéu c6 ham lugng PES tir 15-22%. Két
qua so sanh dic tinh ciia dung dich phdi liéu ciing nhu cta céc
mau mang loc ché tao dugc trinh bay ¢ bang 2 va hinh 3.
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Bing 2. P9 nhét ciia dung dich phdi li¢u khi cé chit phu gia.

C TVR(%)
Ky hiéu mau Do nhét (mPa.s)
PES DMF Phu gia
P1-5 15 80 5 220
P2-5 17,5 77,5 5 390
P3-5 20 75 5 702
P4-5 22 73 5 1.020
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Ei 200 = g
7 £3 0.z
23 150 < o
;:Ng 100 " E : “ g
% 50 Cl 0§
4 —e—Djbinkéo - D} gidn dai twong dbi £
0 0 0
15 17 19 21 23 15 16 17 18 19 20 21 22

Ham lugng PES (%) Ham lugng PES (%)

Hinh 3. Anh huéng clia chat phu gia dén nang suat loc riéng phan (A) va
dd bén coly (B) clia mang loc PES sgi rong.

Két qua trinh bay trong hinh 3 cho thdy, do bén kéo va do
gian dai trong d6i ctia cac mau mang loc co xu _hudng tang khi
nong do PES tang tir 15 1€n 22%. So vdi cdc mau mang loc soi
rong ché tao tir (dung dich phdi liéu co cung nong d¢ PES nhung
khong thém chét phu gia, ning suat loc riéng phan da tang dang
ké. Tuy nhién, khi so sanh cic mau mang ché tao tr dung dich
chu liéu c6 chira phu gia nay v6i nhau, nhén thay ring ning suit
loc riéng phan van c6 xu hudng giam khi ndng do PES tang (tur
15 dén 17,5%). Dac biét, vai nong do PES la 22%, nang suit loc
riéng phan ctia mang loc ciing chi dat gia tri 6,16 1/m2.h.bar. Nhu
vay, khi d6 nhot cua dung dich phdi liéu tang (bang 2), ndi cach
khac, mat do phan tir PES trong dung dich phdi liéu tang, chuyén
dong cua cac phan tir chit phu gia ciing s€ bi han ché, do 46 viéc
hinh thanh 16 mang ciing tré nén khé khin hon.

Anh hwong ciia ham lwong chat phu gia tao 16: cac miu mang
loc sgi rong dugc chun bi tir cac dung dich phéi liéu véi nf”)ng do
PES la 15%. Ham lugng chét phu gia thay doi tir 3 dén 10% vé
khdi lugng. Thanh phan cua dung dich phdi liéu va dac trung do
nhot dugce trinh bay ¢ bang 3.

Bang 3. P§ nhét clia cac dung dich phai liéu véi ham lugng phu
gia khac nhau.

L . TyIR(%) D6 nhot
Ky hi¢u mau
PES DMF Phu gia (mPa.s)
P1-0 15 85 0 119
P1-3 15 82 3 150
P1-5 15 80 5 220
P1-10 15 75 10 350

Ham luong phu gia trong dung dich phdi liéu tang tr 0 dé:n
10% lam tang d6 nhdt tir 119 dén 350 mPa.s (bang 3). Doi chicu
voi két qua trinh bay trén do thi hinh 4 nhan thay, khi thém phu



gia, d0 bén kéo ciia mau mang loc soi rdng ¢6 xu hudng giam
rd rét, trong khi do gidn dai twong ddi mic du khong thay doi
nhiéu nhung c¢6 xu huéng tang 1én khi ham lugng phu gia 1a 5%
va giam xuong khi ham lugng phu gia la 10%. Nhu vay, trong
qué trinh chuyén pha hinh thanh mang loc, chat phu gia tao 16
trong dung dich chii liéu da phan b mot phan sang pha nudc,
tao ra cac 16 rong trén thanh sgi mang. Diéu nay din t6i kha ning
chiu mg suat ctia mang loc giam di so voi mang loc tao thanh
tir dung dich phéi liéu khong chira chét phy gia. Mat d¢ cac 16
rong nay ciing anh huong dén gia tri nang suét loc riéng phan
cua mang loc. Chat phu gia da gop phan lam tang nang suat loc
riéng phan tir 82,74 1/mh.bar (khong c6 chét phy gia) 1én dén
392,66 1/m2h.bar (khi ham lugng chat phu gia la 10%).
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Hinh 4. Anh huéng ctia ham lugng chat phu gia tao 15 dén ning suat
loc riéng phan (A), dg bén co ly (B) va trd khang ni tai (C) cia mang
loc da ché tao.

Két qua trinh bay trén hinh 4C cho thy, gi4 tri tré khang noi
tai cua mang loc giém tlr 2,07x10°m™! xuéng dén 1,03x10°m' khi
ham lugng phu gia trong dung dich ph01 liéu ting. Tir cac két qua
thu dugc nhan thay, chat phu gia tao 16 dugc thém vao dung dich
phéi liéu co xu hudng cai thién tinh ning loc cua mang loc. Do
d6, viéc sir dung chat phu gia trong ché tao mang loc PES can
duoc khao sat sau hon, bao gém cac thi nghiém so sanh cac chit
phu gia khac nhau.

Trong nghién ctru ndy, mang loc PES soi rong da dugc ché
tao bang phwong phap dong tu dao pha (TIPS). Nong do PES
trong dung méi DMF va ham luong chét phu gia PVP sir dung co
anh huong déng ké dén dic trung tinh chat cia mang loc ché tao
dugc. Khi nong do PES ting 1én s& lam ting do nhét cua dung
dich phdi lidu, thuan lgi hon cho qua trinh phun va keo soi, dong
thoi lam tang do bén co 1y ciia mang loc soi rdng ché tao dugc.
Vi nong do PES 1a 15%, mang loc ¢6 tinh nang loc ngay ca khi
chua ¢6 mat chat phu gia. Nang suét loc riéng phan va tré khang
noi tai ctia mang loc duoc cai thién dang ké khi chat phu gia tao
16 dugc sir dung; dat gia tri t6t nhat 1an luot 13 392,66 1/m2.h.bar
va 1,03x10°m' véi ham lwong chat phu gia 10%. Két qua dat
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dugc cua nghién ctru nay 1 tién dé quan trong cho viéc tiép tue
nghién ciru hoan thién quy trinh ché tao mang loc PES sgi rong
bang phuong phap TIPS st dung h¢ thiét bi phun soi.
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Cong trinh duoc thyc hién trong khudn kho dé tai nghién ctru
khoa hoc va phat trién cong nghé cap Bo KH&CN (Hop dong s6
05/2017/HD-DTCB) do Vién Ung dung Cong nghé la co quan
chu tri.
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