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Mang loc compozit polyamid BW30 dudc bién tinh bé mat bang phuong phap trung hgp ghép quang
héa nham nang cao tinh néng tach loc 1am sach nuéc. Hiéu nang tach ctia mang bién tinh dudc xac
dinh qua kha nang tach loai thuéc nhudém hoat tinh (RR 261) trong nudc, vGi cac thong sé dé luu gili
va luu lugng loc ciing nhu dd gidm nang suat loc theo thdi gian trong qua trinh loc. Cac két qua thuc
nghiém cho thay, tinh ning tach loc cia mang BW30 bién tinh bdng trung hop ghép vdi axit acrylic
(AA), andehit maleic (MAH) va poly(etylen)glycol (PEG) c6 thé dudc nang Ién véi sy ting ning suat
loc, trong khi dé Iuu gili dugc duy tri tuong duong v6i mang khéng bién tinh. Mang bién tinh ciing c6
kha nang chéng tac tét hon véi mic dd duy tri ndng suat loc cao hon va hé sé tdc mang bat thuan
nghich thap hon so véi mang ban dau. Ngoai ra, mang bién tinh c6 dé bén héa hoc tét, véi tinh nang
tach loc 8n dinh trong cac mdi trudng loc axit va bazo.

T khéa: mang compozit polyamid, tinh nang tach loc, tring hop ghép bé mait.

Chi s6 phéan loai 2.4

Gio1i thieu dang rat dugc quan tam; trong doé, trung hgp ghép
bé mat 1a mét trong nhiing phudng phap hu ich, do
phan UGing trung hgp ghép dudc thuc hién trong diéu
kién ém diu, c6 thé tién hanh & nhiét dd phong va
ap sudat khi quyén, khong gay anh hudng dén I6p vat
liéu mang nén va qua trinh tring hop ghép c6 thé dé
dang dudc két n6i véi cong doan sau cung clia qua
trinh ché tao mang [8]. Cho dén nay, da c6 nhiéu
cong trinh nghién clu trung hgp ghép bién tinh bé
mat mang dung cho siéu loc (UF) [9, 10, 11,12, 13,
14, 15], tuy nhién céac két qua nghién clu vé trung
hgp ghép bién tinh bé mat mang dung cho loc nano
va thdm thau ngudc van con rat it [16]. Bai bao nay
trinh bay mot sé két qua nghién clu bién tinh bé mat
mang loc thdm th&u ngudc compozit polyamid BW30
bang phudng phap trung hgp ghép quang hoa, nham
danh gia kh& nang nang cao tinh nang loc lam sach
nudc clla mang bing phucng phap nay. Anh hudng
clia qua trinh trung hgp ghép bién tinh bé mat dugc
danh gia théng qua tinh nang loc tach thuéc nhudém
tan trong nuéc cling nhu kha nang chéng tac nghén
clia mang trong qua trinh loc.

Mang loc dudc Ung dung trong nhiéu linh vuc
khac nhau nhu tach nudc ngot ti nudc méan, san
xuét nudc sach va siéu sach, x{ ly nuéc 6 nhiém,
loc trong va loc voé trung dich tiém truyén, loc c6 dac
slia, c6 dac dich qud, loc tdch enzym va protein...,
dac biét la trong viéc lam sach nudéc bi 6 nhiém béi
cac chat hiiu ¢ va kim loai nang [1, 2]. M6t trong
cac chat gay 6 nhiém nudc kho xu ly triét dé 1a lugng
ton du cla thudc nhudém tan trong nudc thai dét
nhudém. Trong cac qua trinh tdch mang, qua trinh
mang thdm thau ngudc (RO) dugc chiing minh 14
thich hgp va cé hiéu qua hon so véi cac phuong
phap khac trong x0 ly nuéc thai dét nhuém. Mang
loc thd&m thdu ngudc compozitpolyamid 16p mdng
(TFC-RO) c6 moét s6 uu diém vugt troi do nang sudt
loc cao, do Iuu gidi tét, it bi vi khudn tac dong va lam
viéc én dinh trong khodng pH kha réng [3, 4]. Tuy
nhién, giébng nhu cac qua trinh loc mang khac, qua
trinh loc dung mang TFC-RO ciing thudng xay ra
hién tugng tAc mang (fouling) do céc tiéu phan bj luu
giC tich IGy trén bé mat mang, 1am cho nang suét loc
cla mang suy gidm theo thdi gian, giam hiéu qué Thue nghiém
va tang chi phi cho qua trinh mang [3, 4, 5, 6, 7].
Pé khac phuc hién tugng tdc mang, viéc nghién ctu
bién tinh bé mat vat liéu mang loc la mot giai phap Mang loc thdm thau ngugc compozit polyamid
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DETERMINATION OF SEPARATION
CHARACTERISTICS OF BW30
DOLY AMIDE, MEMBRANE MODIFIED
BY PHOTOCHEMICAL GRAFTING
DOLYMERIZATION

Summary

Thin film composite (TFC) polyamide BW30
membrane has been modified by surface
photochemical grafting polymerization to
enhance membrane separation property
for water purification. The separation
performance of modified membrane has
been determined through the possibility
for removal of reactive red (RR 261) dye in
water in terms of the retention and its flux
as well as the flux decline during filtration of
dye solution. The experimental results have
indicated that the separation properties
of modified BW30 membrane grafted with
acrylic acid (AA), maleic anhydrite (MAH)
and poly(ethylene)glycol (PEG) could
be improved with the enhancement of
membrane flux, while the retention is almost
maintained as compared to that of unmodified
one. The modified membrane also has a
better antifouling property with the higher
performance maintained during filtration
and the lower irreversible fouling factor as
compared to that of the original membrane. In
addition, the modified membrane could have
a good chemical resistant property with the
stable separation performance in both acidic
and base filtration mediums.

Keywords: composite polyamid membrane,
separation  property, surface grafting
polymerization.

Classification number 2.4

BW30 (Filmtec, My) dugc dung dé nghién clu
trung hgp ghép quang héa bién tinh bé méat. Mang
gbm ba I6p vat liéu: I16p nén (polyeste), I6p dG
(polysulfon) va I6p bé mat (polyamid). Cac dung
dich monome dudc sl dung dé trung hop ghép bé
mat gém: axit acrylic (AA) (98,5%, Trung Qudc),
anhydrit maleic (MAH) (99,0%, Wako, Nhat Ban) va
poly(etylen)glycol (PEG) (99,0%, Wako, Nhat Ban)
pha trong dung moéi nudc. Thuéc nhudém hoat tinh
Reactive Red 261 (RR 261) (99,0%, Trung Qudc)
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dudc dung dé pha dung dich thudc nhuém.
Trang hop ghép quang hoa bé méat mang

Qua trinh trung hgp ghép quang hdéa bé mat
mang polyme dudi blic xa UV c6 thé xay ra theo
cG ché trung hgp goc tu do [17], trong dé, blc xa
UV dong vai tro khoi mao cho qua trinh trung hagp:
khi dudc kich thich bdi biic xa UV, su bt tdch nhém
nhay sang va/ho&c nguyén ti H trén bé mat vat liéu
polyme sé tao thanh cac géc tu do, tai dé sé xay
ra su két hgp véi cac géc tu do cla chat dung dé
trung hop cling dudc tao bdi su but tach nguyén ti
H trong phan ti cta chat. Néu monome trung hop
la chat hiiu cé khong no thi dudi tac dong cua blc
xa UV, lién két déi sé dudc mé ra va monome sé
dugc trung hgp ghép vao vi tri clla cac goc tu do
trén bé mat mang. Trong nghién clu nay, qua trinh
trung hop ghép quang hoéa bé mat mang polyamid
dugc thuc hién bang phucong phap ngam chim
mang trong moi trudng monome 18ng dudi blc xa
UV. Bé mat mang trudc hét dugc kich thich bdi bic
xa UV (dén tl ngoai cong suat 60 W, budc song
300 nm, khoang cach ti nguén dén bé mat mang
20 cm) trong thdi gian 90 giay, sau d6 dua mang
vao dung dich monone cé néng dé xac dinh va tién
hanh trung hgp ghép dudi buc xa UV trong khodng
thdi gian xac dinh. Mang sau khi tring hgp ghép bé
mat dugdc |dy ra, rlfa sach va ngam trong nudc cat
cho dén khi st dung.

Panh gia tinh ndng cua mang

Tinh nang loc tach clia mang dudgc danh gia qua
kha nang tach loai thuéc nhudém hoat tinh tan trong
nuéc (RR 261). B6 luu gil (R, %) clla mang dugc
xac dinh bang cong thic R = {[(C,-C)/C].100}, vdi
C, va C la nong dé thuéc nhudm trong cac dung
dich truéc va sau khi loc qua mang. Nang suét loc
trung binh (J, I/m2.h.bar) cla mang dugc xac dinh
bdi cong thic J = [V/(A.t.P)], véi V la thé tich dich
loc thu dugc trong thdi gian t va dung dich dugc loc
qua mang cé dién tich bé mat A & ap suét P. Ty s6
JIJ, dugc dung dé danh gia su thay déi nang suét
loc clia mang, véi J, va J la nang suét loc trung binh
clia mang trudc va sau khi trung hgp ghép bé mat.
Mang cé ty s6 J/J, cang I6n thi nang suét loc trung
binh clia mang sau khi trung hgp ghép dudc nang
lén cang nhiéu so v6i mang ban dau. Thi nghiém loc
tach qua mang dugc thuc hién trén thiét bi théi mang
phong thi nghiém (Osmonic). Néng do thudéc nhuém
trong dung dich dugc xac dinh bang phuong phap
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trdc quang (Spectro 2000RS, Trung Qudc) tai budc
song hap thu cuc dai 540 nm. Kha nang chéng tac
nghén (antifouling) clla mang dugc danh gia théng
qua muic do duy tri nang suétloc (J,, %) theo thai gian
loc va hé so6 fouling bat thuan nghich (FRw, %) cua
mang. Gia tri FRw dudc xac dinh bdi cong thiic FRw
={[(Jw, - Jw)/Jw ].100}, vGi Jw, va Jw (I/m.h.bar) la
luu lugng nudc tinh khiét qua mang truéc va sau khi
dung mang dé loc dung dich phdm nhudém. Mang cé
gia tri J, cang cao va hé s6 FRw cang thap thi kha
nang chong fouling cla mang cang tét. Kha nang
chiu pH clia mang dugc danh gia bang cach ngam
mang trong cac dung dich c6 pH khac nhau trong
khoang 1 h, sau d6 |dy mang ra rfa sach bang nudc
cat va xac dinh tinh nang loc tach clia mang. Pac
tinh b& mét mang dudc danh gia qua anh chup hién
vi lyc nguyén ti (AFM, PicoScan 2500, Aligent,
Vién Khoa hoc Vat liéu, Vién Han lam Khoa hoc
va Cong nghé Viét Nam) va phd héng ngoai phan
xa bé mat (FTIR-ATR, Perkin Elmer GX6000, goc
quét 45°, dé phan giai 4 cm, thyc hién tai Phong
thi nghiém héa vat liéu, Khoa Héa, Trudng DPai hoc
Khoa hoc Tu nhién).

Két qua va thao luan

Loc tach thuéc nhuém hoat tinh tan trong
nuéc

Cac loai thuéc nhudém tan trong nudc thudng rat
khé tach loai triét dé béng cac phuong phap xi ly
héa hoc va héa ly thong thudng, dac biét 1a thudc
nhudém azo. DAy la loai thuéc nhudém dudgc sl dung
kha phé bién hién nay nhung rat doc hai, néu tén du
trong nudc sé gay 6 nhiém va anh hudng dén stic
khde con ngudi. Bén canh do, do loai thuéc nhuém
nay c6 chtia nhém (-N=N-) khi thai vao moi trudng
c6 kha nang tao thanh cac amin tham dugc xem la
tac nhan gay ung thu. Bang phudng phap loc mang,
c6 thé loai bd dugdc hoan toan thudc nhudm tén du
trong nudc thai dét nhuém, dac biét, nuéc sau khi xi
ly qua mang c6 thé tai st dung lai cho quy trinh san
xuét. Trong nghién ctu nay, dung dich thuéc nhudém
azo RR 261 dugc s dung dé danh gia tinh nng
loc clia mang trudc va sau khi trung hgp ghép bé
mat. Bé mat mang BW30 dudc trung hgp ghép véi
cac monome khac nhau, gdbm axit acrylic, anhydrit
maleic va poly(ethylene)glycol. K&t qua danh gia
tinh nang loc tach thuéc nhudém RR 261 clia mang
BW30 trudc va sau khi trung hogp ghép bé mat dugc
trinh bay & hinh 1 va hinh 2.
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Hinh 1: d¢ luu gid thuéc nhuém cua mang BW30 va mang triang hop
ghép bé mat vdi AA (10 g/l), MAH (50 g/I) va PEG (20 g/l)
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Hinh 2: dé tang nang sudt loc trung binh cla mang trang hgp
ghép bé mat

K&t qua thuc nghiém cho thay, do luu git doi véi
thuéc nhudém clia mang BW30 la kha t6t (95%). Sau
khi trung hop ghép bé mat, dé luu gil clla cac mang
van dudc duy tri tuong duong ho&c ting nhe so Vi
mang ban dau. Nang suét loc trung binh cla céac
mang sau khi trung hdp ghép v6i MAH va PEG tang
lén (10-20%), trong khi nang suét loc trung binh
cla mang trung hgp ghép véi AA tudng duong vdéi
mang khéng trung hgp. Su tang nang suét loc cla
mang la do sy hinh thanh I6p polyme ghép trén bé
mat, lam tang thém tinh ua nudc cho mang, déng
thdi 1am gidm sy hdp phu clia céac tiéu phan thudc
nhuém Ién trén bé mat mang trong qua trinh loc.

Kha ndng chéng tic nghén cda mang trong
qua trinh loc

Trong nghién cltu nay, dung dich thuéc nhudém
néng do 30 mg/l dudc loc lién tuc qua mang trong
60 phat, ndng suat loc clia mang dugc kiém tra
sau 5 phuat va so sanh véi nang suat loc tai thoi
diém khi bat dau qua trinh loc. K&t qua danh gia
dé gidm néng suat loc J, theo thdi gian dudc dua
ra ¢ hinh 3 cho thdy, mang BW30 cé nang suét loc
suy gidm nhiéu nhat véi gia tri J,con khoang 80%



sau 60 phat loc. Cac mang trung hgp ghép bé mat
c6 do suy gidm nang suét loc cham hon véi nang
suét loc dudc duy tri khoang 85-93% sau 60 phut
loc, do d6 nang suat loc trung binh cla cé qua trinh
loc thuc hién trén mang trung hgp ghép cao hon so
vGi nang sudt loc trung binh cdia mang BW30 ban
dau. K&t qua so sanh hé so fouling bat thuan nghich
FRw gilta cac mang dua ra & hinh 4 cho thay, mang
BW30 khi chua trung hogp ghép bé mat cé hé sé
FRw 16n nhat (khodng 10%), trong khi cac mang
trung hgp ghép bé mat déu co6 hé s6 FRw thdp hon
(trong khoang 2-4%). K&t qua thuc nghiém chiing to
rdng, mang sau khi trung hdp ghép bé mat c6 kha
nang chéng tdc nghén (antifouling) t6t hon so véi
mang ban dau.

100 é
i X X X
% , u X X >‘< X A A A A
% ”IIIIEXXX
= * -
= 85 *, [ N |
#BW30 * eete
80 - B 10AA-UV 7min
A 30MAH-UV 5min
75 X 20PEG-UV 1min
70
0 10 20 30 40 50 60

Thoi gian loc (phat)
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Hinh 4: hé sé fouling bt thudn nghich (FRw) clia mang BW30
va cac mang trung hop ghép

Kha nang chéng tac clia mang tuy thuéc vao muc
dod hap phu cla céc tiéu phan bi mang luu gil trén
bé mat trong qua trinh loc. Do do, cac tinh chat cla
bé mat nhu dd thd nham, tinh chat dién tich va su co
mat clia cac nhom chuc trén bé mat mang la nhiing
yéu t6 cé anh hudng truc ti€p dén kha nang chong
tac clia mang. Théng thudng, hién tugng fouling sé
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giam khi bé mat mang cé c4u tric tron nhén va trung
hoa dién tich hodc mang dién tich cung dau véi dién
tich clia cac tiéu phan bi mang luu gil trén bé mét.
Trong trudng hop nay, khi dugc trung hgp ghép vdéi
cac monome AA va MAH, bé mat mang sé tré nén
am dién hon, con PEG thi trung hoa dién tich nhung
lai ¢6 tinh va nudc hon so véi AA va MAH. Mat khac,
thuéc nhuém RR 261 thudc loai thudc nhudém axit,
khi tan trong nudc mang dién tich &m, cbng thuc
phan ti C,,H,,CIN_.Na,O, S, c6 cau tao nhu sau:

5719767

Anh chup AFM bé mat mang (hinh 5) cho thay,
su thay déi cdu trac hinh thai bé mat mang sau khi
trung hop ghép, I6p ghép hinh thanh lam cho bé
mat mang cé thé trd nén hoac tron nhan hon, hoic
am dién hon va/hoac ua nuéc hon so véi mang ban
dau. Do do, muc do hap phu thuéc nhudém lén trén
bé mat mang trong qua trinh loc sé giam di. Pong
thdi, cac tiéu phan thudc nhudm bi luu gil trén bé
mat mang cling sé dugc loai bé dé dang hon khi ria
mang.

[T —— [P —— p— N

(b) (c)

Hinh 5: anh chup AFM bé mat mang BW30 (a),
mang trang hop ghép véi PEG (b) va MAH (c)

Hinh 6 I& phé héng ngoai phan xa bé mat mang
nén va bé mat mang sau khi trung hgp ghép vdéi
cac monome AA va MAH. K&t qua cho thay, su xuat
hién pic dac trung cho nhém cacbonyl (C=0) cla
axit hiu co tai 1740-1744 cm™', ching té qua trinh
trung hop ghép AA va MAH da xay ra trén bé mat
mang. Déi véi PEG, do vung pic hap thu dac trung
cho nhém OH (3200-3500 cm") clia PEG ghép Ién
bé mat bi che bdi vung pic d&c trung cho nhém NH
(3300-3500 cm™') clia polyamid nén khéng quan sat
dudc. Cac nghién clu sau hon vé dac tinh bé mat
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mang trung hgp ghép sé dudgc trinh bay trong bai
béo khac.
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Hinh 6: phé héng ngoai phan xa bé mat mang nén BW30 (a),
trung hop ghép AA (b) va MAH (c)

Kha nédng chiu pH cuia mang

Nudc thai néi chung va nudc thai dét nhuém néi
riéng thudng c6 pH bién dong trong mot khoang
kha rong, do dé6 mang st dung cling can phai chiu
dudc cac méi trudng cé pH khac nhau. Hinh 7 |a két
qua danh gia kha nang chju pH clia mang polyamid
BW30 va cac mang sau khi tring hgp ghép bé mat.
K&t qua thuc nghiém cho thay, dé luu gil cia mang
trung hop ghép van dudc duy tri t6t trong cac moi
truGng pH khac nhau, thadm chi cao hdn mét chut
so v6i mang BW30 ban dau. Diéu do ching té 16p
polyme dudc trung hop ghép Ién bé mat mang tu
cac monome AA, MAH va PEG dudi btc xa UV cé
dd bén héa hoc t6t, mang cé thé s dung dé loc
tach vdi cac dung dich cé pH khac nhau.
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Hinh 7: dnh hudng cta pH dén dé chon loc ctia mang BW30
va mang trang hop ghép bé mat
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Két luan

Cac két qua thuc nghiém cho thay, tinh nang tach
loc clia mang thdm thau ngudc compozit polyamid
BW30 dudc nang Ién rd rét khi bé mat mang dudc
bién tinh bang phudng phéap trung hgp ghép quang
héa dudi blc xa UV véi cac monome axit acrylic,
anhydrit maleic va poly(etylen)glycol. Qua trinh
truing hop ghép lam thay déi c4u tric hinh thai va
tinh chat bé mat cla mang, do dé tinh nang tach
cla mang ciing thay déi. Mang sau khi tring hop
ghép bé mat c6 nang suét loc trung binh cao haon,
dé gidm nang suét loc thap hon va kha nang chong
tac t6t hon so v6i mang ban dau, trong khi do luu gid
clia mang van dudc duy tri t6t. Ngoai ra, mang trung
hop ghép bé mat c6 doé bén hoa hoc t6t va co tinh
nang tach én dinh trong khoang pH tuong déi rong.
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