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Abstract: In this work, a thin-film composite polyamide membrane with antimicrobial
polyhexamethylene guanidine (PHMG) was fabricated by the combination of photo-induced and
chemical grafting to enhance the antifouling and anti-biofouling properties of the membrane.
The surface properties of the membrane were evaluated using field-emission scanning electron
microscopy (FE-SEM) images, attenuated total reflectance Fourier transform infrared spectroscopy
(ATR-FTIR), water contact angle (WCA) values, and antimicrobial activity of the membrane.
The membrane separation performance was evaluated by the flux and the ability to retain Ca?* ions
in water. The antifouling and anti-biofouling properties were evaluated by the maintained
flux ratios after 9 hour-filtration of humic acid and bovine serum albumin (BSA) solutions.
The results showed that the grafted membrane’s surface became tighter (the retention increased
from 97.3% to 98.6%), and no bacteria were observed on the surface of the grafted membrane.
Meanwhile, the anti-fouling and anti-biofouling properties were also improved compared to the
original membrane.

Keywords: thin-film composite polyamide membrane, PHMG, UV-induced graft polymerization,
antifouling, anti-biofouling.
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Nang cao kha ning khang khuan va khang tac sinh hoc
cua mang composite polyamide trung hop ghép
Polyhexamethylene guanidine (PHMG)

Nguyén Son Duong, Duong Xuan Quan, Gundsambuu Narantsatsralt,
Vii Van Nhan, Nguyén Pham Ham, Ng6 Hong Anh Thu”

Truong Dai hoc Ighoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi,
334 Nguyén Trai, Thanh Xudan, Ha Ngi, Viét Nam

Nhan ngay 07 thang 5 ndm 2023
Chinh stra ngay 29 thdng 5 nam 2023; Chap nhan dang ngay 09 thang 6 nam 2023

Tém tit: Mang thuong mai composite polyamide 16p mong duoc bién tinh bé mat voi
polyhexamethylene guanidine (PHMG) khang khuan bang ky thuat trang hop ghép quang hoa
nhim tang cuong tinh nang tach loc va kha nang khang tic, khang tic sinh hoc cho mang. Tinh
chit bé mit mang duoc danh gid qua anh kinh hién vi dién tor quét (FE-SEM), phd hong ngoai
phan xa bé mit mang (ATR-FTIR), gi4 tri goc thdm wdt bé mat (WCA) va kha ning khang khuén
cua mang. Tinh nang tach loc cuia mang dugc danh gia qua thong lugng loc qua mang va kha nang
lru gifr ion Ca?* trong nuéc. Kha ning khang tic va khang tic sinh hoc duoc danh gia qua do duy
tri thong luong loc theo thoi gian ciia mang khi loc tach dung dich acid humic va dung dich
albumin huyét thanh bo (BSA) sau 9 gio. Két qua thuc nghiém cho thiy ¢ didu kién khao sat thich
hop, mang sau bién tinh da tr nén chat sit hon (d9 luu gir tang tir 97,3% Ién 98 6%) ddng thoi
khong c6 vi khudn xuat hién trén bé mat mang. Trong khi do, kha nang khang tic va khang tic
sinh hoc ciia mang bién tinh da dugc ning cao hon so v&i mang nén.

Tw khoa: Mang thuong mai composite polyamide 16p mong, PHMG, trung hgp ghép quang hoa,

khang tic, khang téc sinh hoc.

1. Mé dau

Polyhexamethylene guanidine (PHMG) Ia
mdt dan xuét guanidine co tinh ning khang khuan
t6t, dugc sir dung lam chét khir tring, diét khuén,
thuong & dang mudi polyhexamethylene
guanidine phosphate hodc polyhexamethylene
guanidine hydrochloride [1]. Kha nang khang
khuan t6t ciia PHMG c6 thé 1am ting cuong tinh
ning khang tic cho mang, dic biét 1a kha ning
khéang tic sinh hoc khi mang duoc loc tach trong
moi truong chira vi sinh vat [2]. Tinh khéng
khuan ciia PHMG duoc cho 1a do tuong tac gitra
16p lipid kép ciia mang t& bao vi khudn va cac
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nhém guanidine, lam cho 16p lipid kép mat tinh
linh dong hodc bi hoa tan, e ché sy phat trién ciia
t¢ bao vi khuan [3, 4]. Nam 2013, Juha
Nikkola va cong su [5] di tién hanh bién tinh bé
mit mang polyamide bang polyme cation
polyhexamethylene  guanidine  hydrochloride
(PHMG), két qua cho thiy tit ca cac mang bién
tinh déu c6 bé mit tron nhin hon, va tinh khang
khudn cao hon so v6i mang dbi chimg. Do kha
nang hoa tan trong nudc cao, hiéu qua diét khuan
tuyét voi, doc tinh thép, khong mui, khong an
mon, PHMG da va dang dugc quan tdm nghién
clru trong cac tmg dung xtr 1y nudc, hay ché tao
vai khang khuan [6].

ba c6 mot vai cong trinh nghién ctru b
dinh polyguanidine 1€n mot s6 vat liéu mang
loc nham nang cao tinh khang khuan va dic
tinh tach loc cho mang. Xia Li va cong su [7]
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dd tién hanh nghién ctu ché tao mang loc
nanocomposite tir trimesoyl chloride (TMC) va
polyhexamethylene guanidine hydrochloride
(PHMG) bang phuong phép trung hop bé mat
trén nén mang x0p polysulfone (PSf). Két qua
nghién ctru cho thdy, mang hinh thanh co do
giam thong luong loc theo thoi gian thip hon va
mirc d6 phuc hdi thong luong loc ciia mang nay
cling cao hon so véi mang nén. Mei va cong sy
[8] d4 tién hanh ghép PHMG lén bé mit mang
sgi nano polyacrylonitrile (PAN), thu duogc
mang c6 kha ning khang khuan tot. Theo két
qua nghién curu cua Nikkola va cong su [5] khi
tién hanh tao 16p phu trén bé mit mang
polyamide composite 16p mong (TFC/PA) su
dung poly (vinyl alcohol) (PVA) c6 thém thanh
phan PHMG (vdi cac ty 18 1, 5 va 100%), bé
mat mang da tré nén tron nhan hon, mang c6
tinh ning khang khuan tbt; tuy nhién, két qua
danh gia tinh nang tach lgc cia mang voi dung
dich NaCl (10 mM) cho thiy, d6 luu giit NaCl
giam nhe (khoang 5%), trong khi luu luong
nuée thim qua mang giam manh, dac biét, néu
chi ding PHMG & tao 16p phu thi luu lugng
nuéc thim qua mang giam dén 80%. O trong
nude, Tran Hiéu Nghia va cac cong sy [9] da
tién hanh tring hop ghép quang héa PHMG &
bude séng 365 nm 1én bé mit mang TEC/PA,
két qua thu dugc sau 90 phit loc, thong luong
loc trung binh ctua mang nén dugc duy tri ¢
muc 81,6%, trong khi vdi cac mang trung hop
ghép thi gia tri nay nam trong khoang 88,6 dén
91,5%, do luu giit cuia mang bién tinh (97,3%)
tuong duong mang dbi ching (96,7%). Mit
khac, mang tring hop ghép bé mit trong thoi
gian 30 phat co gia tri DF = 0, cho thay kha
nang khang tdc vuot trdi hon va mic do tic
mang thap hon rd rét cia PHMG. Nhur vay, c6
thé thay, viéc st dung PHMG c6 kha ning lam
tang cuong kha ning khang khuén va tinh ning
loc tach cho mang loc polyme.

Trong linh vuc xr Iy nudc, cac loai mang
loc polyme dugc str dung pho bién hién nay chi
yéu 1a cellulose acetate (CA), polyethersulfone
(PES) va polyamide (PA). Tuy nhién, dic diém
chung ctia cic loai mang nay la déu dé bi tic
trong qua trinh loc tach, dac biét la tac mang
sinh hoc khi ngudn nuéc bi 6 nhidm boi cac

thanh phan hitu co va vi sinh vat. Pé ting
cuong kha nang khang tac/khang tac sinh hoc
cho mang loc, bé mat mang can phai co6 tinh
nang khang khuan tét, diéu nay c6 thé thyc hién
dugc bang cach dua thém cac thanh phan khang
khuan nhu PHMG vao vit lidu mang. Mot s6
phuong phap c6 thé sir dung bao gom: i) Phi;
if) Tron ddo pha; va iii) Trung hop ghép. Theo
phuong phap (1), tac nhan khang khuan ton tai
trén bé mat mang boi cac lién ket vat 1y nén
thuong khong tao dugc bé mit 6n dinh, do 16p
vat liéu pha c6 thé bi ria trdi trong qué trinh loc
tach. Theo phuong phép (ii), tdc nhan khang
khuan duoc phdi tron vao dung dich tao mang
nén thuong kho kiém soat céu trac bén trong
cua vat liéu mang loc. Theo phuong phap (iii),
tac nhan khang khuan c6 mat trong thanh phan
dung dich dung lam tic nhan trung hop ghép.
Nhu vay, trong phuong phap (iii), 16p polyme
ghép co thé dugc hinh thanh ngay va bén ving
trén bé mit mang nén.

Trong nghién ciru nay, mang TFC/PA duoc
bién tinh bang phuong phap tring hop ghép, sir
dung btric xa tr ngoai & budc song 254 nm va
tac nhan khang khuin PHMG nhim nang cao
kha ning tach loc va giam thiéu hién tuong tic
mang sinh hoc. DPac tinh bé mat mang duoc
danh gia bang anh FE-SEM, pho hong ngoai
ATR-FTIR, gia tri goc thdm w6t bé mat va kha
ning khang khuan. Tinh ning loc tach duoc
danh gia qua thong luong loc chuan hoa va do
lwu gitt mudi CaCl, véi nong do Ca?* 500 ppm
trong nudc. Kha niang khang tic va khang tic
sinh hoc dugc danh gia qua thong luong loc
chuan hoa va do duy tri théng luong loc theo
thoi gian khi loc tach dung dich albumin
huyét thanh bo (BSA) va dung dich acid humic
500 ppm sau 9 gio.

2. Thwe nghiém
2.1. Héa chdt, vt liéu

Cuén module mang loc composite
polyamide 1o6p méng TFC/PA (Vontron

ULP21-4040) dugc san xudt & Trung Qubc;
calcium chloride (d9 tinh khiét 98,5%, Xilong,
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Trung Qudc); isopropanol (d6 tinh khiét 99,9%,
Xilong, Trung Quoc) protein huyét thanh bo
BSA (d6 tinh khiét 99,5%, Sigma-Aldrich, My);
acid humic (Wako, Nhat Ban);
polyhexamethylene guanidine (d¢ tinh khiét
99,5%, Xilong, Trung Qudc).

2.2. Trung hop ghép polyguanidine

Mang nén TFC/PA duoc cat thanh cac tim
tron dudng kinh 47 mm, rira sach béng dung
dich isopropanol 25% dé loai bo céc chat bao
quan, cubi cung, rira lai can than bang nudc
deion trude khi str dung.

Qué trinh tring hop ghép PHMG 1én bé mit
mang TFC/PA dugc thuc hién bing cach: lip
mang vao cell teflon, dua vao budng chiéu tia
UV (budc song 254 nm, 32 W) trong thoi gian
xac dinh, sau do, thyc hién qua trinh trung hop
ghép v6i dung dich PHMG ¢ cac nong do khac
nhau trong cac khoang thoi gian xac dinh. Cac
yéu té khao sat gdm: thoi gian trung hop ghép,
ndng do tac nhan ghép PHMG va thoi gian khoi
mao bé mit mang. Mang sau khi tring hop
ghép dugc dem ngam rira trong nude deion cin
than truée khi dem danh gia dic trung ciu trac
va tinh nang tach loc ciia mang.

2.3. Panh gid ddc trung cdu triic mang

Céu triic hinh thai bé mit mang dugc quan
sat qua anh chup hién vi dién tir quét (FE-SEM
- Hitachi S-4800). Pic trung hoa hoc bé mat
mang dugc danh gia qua phd hong ngoai phan
xa (ATR-FTIR - Shimazu Affinity-1S). Phép do
goc tham w6t bé mat mang duoc thuc hién trén
thiét bi DMSO012.

2.4. Panh gid kha nang khdang khudn

Mang TFC/PA bién tinh va mang nén dugc
dit tiép xtic véi moi trudng vi khuan E.coli. Sau
6 gio tiép xuc, mang dugc rung lic trong dung
dich nudc mudi sinh 1y, pha lodng dung dich
nay dén 100 1an. Lay 100 pL cac dung dich nay
céy vao dia thach va dit vao ti 4m & nhiét do
37 °C trong 24 gid. S6 khuén lac xut hién trén
dia thach cdy dich ngdm mang nén va mang
bién tinh duoc so sanh, mang co kha ning
khang khuan cang tot thi s6 lugng khuan lac
xuét hién s& cang it va ngugc lai.

2.5. Panh gia tinh nang loc tach cua mang

Tinh nang lgc tach ciia mang dugc thuc hién
trén thiét bi thr mang phong thi nghiém
(Osmonics, M¥) theo phuong thirc loc gian doan
(4p suét 15 bar, thoi gian loc 60 phit, nhiét do
phong ~ 25 °C, sur dung téc nhén loc la dung dich
CaCl; voi nong do6 Ca? 500 ppm). Dé tranh sy
phan cuc nong d9, dung dich dugc khuay lién tuc
trong qua trinh loc tach voi hé khudy tir sir dung
con tir treo lo limg sat trén bé mdt mang.

Kha ning luu gitt mubi Ca®* duoc xac dinh
thong qua d¢ luu git (R, %) ctia mang voi C,
va C lan luot 1a ndng d6 mudi Ca?* trong dung
dich ban dau va trong dich loc. Trong nghién
cuu nay, néng do ion Ca?* dugc xac dinh bé“mg
phuong phap do do dan dién.

R=S=C 100% 1
C0
Thong lugng loc chuin hoa (J/Jo) cia dich
loc qua mang duoc xac dinh thong qua ti 1€
thong luong loc gitta cac mang trung hop ghép
va mang nén. Trong d6, thong lugng loc duoc
xac dinh bang cach do thé tich dich loc van
chuyén qua mot don vi dién tich mang trong
mot khoang thoi gian tai ap suat xac dinh:
j-Y_ (Lim) )
Sxt
V6i V 1a thé tich dich loc (L), S 1a dién tich
mang loc (m?) va t 1a thoi gian loc (gio).

2.6. Pdnh gid kha ning khdng tdc va khdng tdc
sinh hoc

O thi nghiém nay, mang nén va mang bién
tinh & diéu kién khéo sat duoc dem loc trong 9
gio, tac nhan tach 1a dung dich BSA va dung
dich acid humic noéng d6 500 ppm. Kha nang
khang tic ciia mang dugc danh gia qua thong s6
ddé duy tri thong lugng loc theo thoi gian va
thong qua viéc so sanh thong luong loc chuan
hoa ctia mang nén voi mang bién tinh.

Do duy tri thong lugng loc ciia mang theo
thoi gian (Jm) dugc xac dinh bang cach do thong
luong loc clia mang sau mdi gio loc va do lién tuc
trong 9 gidy, Jm dugc tinh bang cong thirc:

J = j—‘xlOO% @)
)
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Vi Ji va Jo 1an luot 12 thong luong loc cua
mang tai thoi diém bét dau va tai thoi diém t
trong qua trinh loc.

Dé danh gia kha ning khang tic sinh hoc,
mang nén va mang bién tinh duoc ngam trong
moéi truong vi khuan E.coli trong 4 ngay. Sau
d6, dem ngam rira mang trong nudc deion trudce
khi dem danh gi4 kha nang khang tic sinh hoc.
Thong sé danh gia kha ning khang tic sinh hoc
ctia mang van la do duy tri thong luong loc theo
thoi gian va so sénh thong lugng loc chuan hoa
ctia mang nén v6i mang bién tinh.

Mang c¢6 dd duy tri thong lugng loc theo
thoi gian cang 16n thi kha ning khang tic/khang
tac sinh hoc cang cao.

g
ot

IMS-NKL 5.0kV* 5.6mm x50.0k SE(M) 00urn

TFC/PA

3. Két qua va thao luin
3.1. Pdc trung cdu triic bé mdt mang

3.1.1. Anh FE-SEM bé mit mang nén va
mang bién tinh

Hinh 1 cho thiy anh FE-SEM ciia bé mat
mang nén TFC/PA va mang tring hop ghép
polyhexamethylene  guanidine  TFC/PA-g-
PHMG. Két qua cho thay, sau khi ghép PHMG,
bé mat mang da tré nén chat sit hon, co6 thé 1a
do su hinh thanh 16p ghép trén bé mat mang.
Tuy nhién, 16p ghép hinh thanh nay c6 thé lam
ting trd lyc chuyén khdi qua mang, din dén
giam thong luong loc qua mang.

IMS-NKL 5.0kV 5.6mm x10.0k SE(M)

IMS-NKL 5.0kV 5.6mm x50.0k SE(M)

TFC/PA-g-PHMG

Hinh 1. Anh SEM bé mit mang nén TFC/PA va mang trung hop ghép TFC/PA-g-PHMG
(a), (b) phong dai 10,000; (a1), (b1) phong dai 50,000.



3.1.2. Ph6 hdng ngoai phan xa

Sy so sanh giita pho hong ngoai phan xa
clia mang nén va mang trang hop ghép PHMG
dugc thé hién ¢ Hinh 2.

Xét bé mat mang nén TFC/PA, 16p
polyamide dugc dic trung bai cac lién két N-H
(1550 - 1640 cm™), C=0 (1640 - 1690 cm™),

—— TFC/PA
—— TFC/PA-g-PHMG

H HH HH H NH
N/ N/ N/
R e, N
VAN AN H H
H HH HH H
N n
PHMG
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C=C (1400 - 1600 cm™™) va C-N (1080 - 1360 cm?)
[10]. Trong khi d6, dbi voi mang trung hop
ghép PHMG, nhan thdy c6 nang cao cudng do
peak & s song 2860-2922 cm™ [2] dic trung
cho lién két C-H ciia PHMG. Két qua nay co
thé khing dinh PHMG di duoc ghép thanh
cong 1én bé mit mang.

\

T T T T T T T T
4000 3500 3000 2500

T
2000

T T T T T T
1500 1000 500

Sé séng (cm™)

Hinh 2. Phd hong ngoai phan xa ciia bé mat mang nén TFC/PA
va mang trung hgp ghép TFC/PA-g-PHMG.

3.1.3. Anh goc thém w6t bé mat mang )
Két qua do goc tham uét (Hinh 3) cho thay
l6p ghép PHMG khong lam &nh hudéng qua

40

WCA()

20

nhi€éu dén tinh va nudc cua mang polyamide
(goc tham udt cia ca mang nén va mang bién
tinh déu ~ 35 °).

TFC/PA

TFC/PA-g-PHMG

Hinh 3. Goc tham w6t ciia bé mat mang nén TFC/PA va mang tring hop ghép TFC/PA-g-PHMG.

3.1.4. Kha nang khang khuan bé mit mang
Két qua danh gia kha nang khang khuan cua
mang nén va mang TFC/PA-g-PHMG khi tiep

xtc voi moi truong vi khuan E. coli dugc thé
hién trén Hinh 4. Két qua cho thay dia thach
cay dich ngdm mang nén xudt hién rat nhiéu
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khuén lag, trong khi dTa‘thac,h céy dich 7ngém
mang bi‘én tinh khéng hé xuat hién khuan lac
nao. biéu nay co thé li giai 1a do 16p ghép

PHMG trén bé mat mang bién tinh c6 kha ning
ngdn can sy hinh thanh va phat trién cia vi
khuan trén bé mat mang.

TFC/PA

TFC/PA-g-PHMG

Hinh 4. So sanh kha nang khang khuén E. coli cia mang nén TFC/PA
va mang trung hop ghép TFC/PA-g-PHMG.

3.2. Tinh nang tach loc cua mang

Tinh nang loc tach cua mang dugc danh gia
thong qua thong lugng loc va kha nang luu git
mudi Ca?* 500 ppm trong nudc. Cac diéu kién
khao sat hidu qua qua trinh bién tinh bao gém:
thoi gian thyc hién qua trinh trung hop ghép
PHMG, nong d6 PHMG va thoi gian khoi mao
bé mat mang.

3.2.1. Khao sat anh huong cua thoi gian
trung hop ghép PHMG

O thi nghiém nay, mang duoc khoi mao
bang tia UV (254 nm, 32 W) trong 45 gidy. Sau
d6, PHMG 1% duogc dua 1én bé mit mang va
qua trinh trung hgp ghép quang hoa (UV 254 nm)
duogc tién hanh. Thoi gian trang hop ghép duoc
khao sat tir 15 dén 600 gidy.

1.5 1 - 100.0
97.35 97.78 97.16
= &3 & &5
N=} >
= 1.2 4 ~
- 1.00 - 950 §
=
CRNTRN B 2
g~ C=/l10 @R B
= s - - 90.0 ®0
S0 = g
E T 069 o =
= e ‘mc"
%0 e - 85.0
- 0.3 o
= iT
H 5‘}
0.0 . 80.0
Nén 30s 60s 180s 300s 420s 600s

Th&i gian trung ho'p ghép (giay)

Hinh 5. Anh huéng cua thoi gian tring hop ghép quang hoa PHMG dén tinh ning tach loc ciia mang.
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Két qua khao sat (Hinh 5) cho thay, trong
khi d6 luu gilt cia cac mang bién tinh van
tuong duong mang nén (~97,3%) thi thong
luong loc ctia cac mang bién tinh giam déng ké
S0 V61 mang nén. Ké ca khi thoi gian tring hop
ghép la rat thap (15 gidy), thong luong loc
chuan hoa cliia mang bién tinh ciing chi 14 0,58.
Néu tiép tuc ting thoi gian tring hop ghép thi
d9 luu gitr khong tang nhung thong luong loc
van tiép tuc giam. Piéu nay c6 thé 1a do khi thoi
gian trung hop ghép ting, mat d6 lop ghép
PHMG cang cao, lam ting tré luc chuyén khoi

qua mang (khién théng luong loc cia mang
giam). Chinh vi vdy, diéu kién tring hop ghép
15 giay duoc lua chon dé thue hién cac khao sat
tiép theo.

3.2.2. Khao sat anh huéng cua ndng do
PHMG ghép l1én mang

O thi nghiém nay, mang duoc khoi mao
bang tia UV (254 nm, 32 W) trong 45 gidy. Sau
d6, PHMG (v6i cac ndng do khac nhau tir
0,025% dén 1,000%) duoc dua lén bé mat
mang va qua trinh trung hop ghép quang hoa
(UV 254 nm) dugc thyc hién trong 15 giay.

1.5 - - 100.0
97.35 97.84 97.78
ﬂ = e e,
;c aay
= 1.2 A
E Loo L 95.0 o
5 : /)0 @R S
_= [<
[#) 4
g -~ 0.9 0.77 ?;
== 7] - 90.0 B
'S o
£~ 064 s E
—

E [{=L]
e L 850 AR
=] 0.3 -
=
=

0.0 80.0

Nén  0,025% 0,05%

0,10% 0,25% 0,50 % 1%

Nong @6 PHMG (%)

Hinh 6. Anh huéng cia ndng 6 PHMG dén tinh nang tach loc cia mang.

Két qua khao sat (Hinh 6) cho thiy do luu
gilt clia cac mang trang hop ghép PHMG déu
tuong duong so v6i mang nén. Khi danh gia
thong lugng loc chudn hoa ciia cic mang, nhan
thdy khi ndng d6 cia PHMG tir 0,025 - 0,050%
thi thong lugng loc chudn ho4 cua mang dat
0,77 - 0,78 (tuy van thap hon so véi mang nén
nhung di cao hon dang ké so véi gid tri 0,58
ciia mang ghép voi PHMG 1,000%). Néu tiép
tuc ting nong do6 PHMG, thong luong loc cua
mang c6 xu huong giam ro rét. Chinh vi vay,
néng dd PHMG 0,050% dugc lua chon dé thuc
hién céc khao sat tiép theo.

3.2.3. Khao sat anh huong cua thoi gian
khoi mao

O thi nghiém nay, thoi gian khoi mao duoc
khao sat tir 0 gidy (khong khoi mao) dén 60
gidy. Sau d6, PHMG 0,050% dugc dua lén bé

mat mang va qua trinh trung hop ghép quang
hoa (UV 254 nm) duoc tién hanh trong 15 gidy.

Két qua khao sat (Hinh 7) cho thay thoi
gian khoi mao khéng anh huong nhiéu dén
thong luong loc cua cic mang bién tinh. Tuy
nhién, viéc thay ddi thoi gian khoi mao lai anh
huong dén d6 luu giit cia mang. Khi thoi gian
khoi mao tir 15 dén 30 gidy, d6 luu giir c6 xu
huéng ting dén ~98,6%; tuy nhién, khi thoi
gian khoi mao tiép tuc tang thi d6 luu giir co xu
hudng giam. Diéu nay co thé 1a do viée tiép xuc
tryc tiép v6i tia UV 1am anh huong dén céu trac
mang. Véi thoi gian tiép xuc truc tiép nho hon
30 gidy, cac gbc tu do trén bé mit mang (1a cac
tac nhan phan ung) dugc hinh thanh vira du, s€
gitip cho qua trinh trung hop ghép PHMG Ién
bé mit mang dé dang hon. Tuy nhién, khi thoi
gian khoi mao 16n hon 30 gidy, s6 luong gbc tu
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do sinh ra nhiéu hon c6 thé khién mang bi anh
hudng tdi cau trac bé mit, ddn dén sy suy giam
hiéu qua tach loc qua mang.

Nhu véy, trong pham vi cac khdo sat da
dugc thuc hién, diéu kién ché tao mang

TFC/PA-g-PHMG t6i wu 1 khoi mao mang nén
trong 15 gidy; dua dung dich PHMG 0,05% lén
bé mit mang va tién hanh tring hop ghép
quang hoa dudi tac dung cia tia UV (254 nm,
32 W) trong 15 gidy.

1.5 - 98.63 98.68 - 100.0
X = 97.84 97.78
= 1.2
5 1.00 E==1/J0 -@R F 90~
2 <
: 0.9 4 0.80 0.82 0.81 0.77 =4
— % %
e0 =S
ES os g
g =
p— <D
o0 - 85.0 &
<§ 0.3 1
=
=
0.0 80.0

0s 15s

30s 45s 60s

Thei gian khoi mao (giay)

Hinh 7. Anh hudng cia thoi gian khoi mao dén tinh nang loc tach ctia mang.

3.3. Kha ndng khdng tdc va khdng tic sinh hoc
cua mang

Dé so sanh kha ning khang tic ciia mang,
mang nén va mang bién tinh trong diéu kién toi
uu duoc dem loc tach voi dung dich BSA va
dung dich acid humic 500 ppm trong 9 gio.
Dung dich BSA va acid humic 14 hai tdc nhan 6
nhidm hitu co phd bién trong thuc té, thuong
duoc stir dung 1a tac nhan tach loc dé danh gia
kha ning khang tic sinh hoc cho mang. Véi

danh gia kha ning khang tic sinh hoc, mang
nén va mang bién tinh can dwoc ngam trong
moi truong vi khuan E. coli trong 4 ngay dé
hinh thanh/ khong hinh thanh 16p mang sinh
hoc trén bé mat. Tir do, dem loc tach véi dung
dich BSA va dung dich acid humic 500 ppm cling
trong 9 gio. Cac két qua danh gia kha ning khang
tic va khang tic sinh hoc ctia mang duoc thé hién
trén Hinh 8 (d6i twong tach loc 14 BSA) va Hinh 9
(d6i tuong tach loc 1a acid humic).

BSA 500 ppm

Khong ngam trong
moi trwong vi khuan

100

o]
=]

60

40

Do duy tri thong lwgng loc
theo thoi gian J, (%)

20

ABTFC/PA
BTFC/PA-g¢- PHMG

Ngam trong moi
truwong vi khuian

0 3

Theoi gian tach loc (gio)

Hinh 8. Kha ning khang tac/ khang tic sinh hoc ctia mang nén TFC/PA
va mang triung hop ghép TFC/PA-g-PHMG vdi tac nhan tach loc 1a BSA.
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Két qud thyc nghiém chi ra trén Hinh 8 va
Hinh 9 cho thay kha ning khang tic cia mang
nén va mang bién tinh sau 9 gid loc tach 1a
twong tu nhau, thé hién & thong s6 do duy tri
thong luong loc sau 9 gid clia mang nén va
mang bién tinh déu ~80% va&i BSA va ~70%
v6i acid humic. Tuy nhién, sau khi ngam trong
moi trudng vi khuan 4 ngay, kha ning khang
tac sinh hoc cia mang tring hop ghép 1o rang
dd duogc ting cuong. Két qua thyc nghiém cho
thdy do duy tri thong luong loc cia méng trimg
hop ghép sau khi ngdm trong moéi truong vi
khuan van twong duong voi gia tri nay khi

khong ngam trong méi trudng vi khuén, trong
khi d6, mang nén ngam trong moi truong vi
khuan c6 d6 duy tri théng lugng loc giam 13 rét
(~75% v61 BSA va ~65% véi acid humic) so
v6i mang nén khéng ngam trong moi truong vi
khuén. Diéu nay c6 thé 1a do sy hinh thanh cua
16p mang sinh hoc trén bé mit mang nén da
khién bé mat mang tré nén g6 ghé hon, tao vi
tri cho cac tac nhan gy tic bam vao trong qua
trinh loc. Trong khi d6, mang bién tinh véi 16p
ghép PHMG khang khuin c6 kha ning ngin
chan sy hinh thanh 16p mang sinh hoc trén bé
mat mang.

Acid humic 500 ppm

Khong ngam trong
6i trowdomg vi khuan

-

=

=]
)

80

lwong loc

ong
theo thoi gian J, (%)
g

"

40 -
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20 A

Do duy tri th

Ngim trong mbi trueong
vi khuan

BTFC/PA

BTFC/PA-g-PHMG
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Hinh 9. Kha ning khang tic/ khang tic sinh hoc cia mang nén TFC/PA
va mang trung hop ghép TFC/PA-g-PHMG véi tac nhéan tach loc 1a acid humic.

Bén canh do, két qua danh gia thong luong
loc chudn héa ctia mang nén va mang bién tinh
(Hinh 10) véi tac nhan loc 1a dung dich BSA va
dung dich acid humic ciing cho thdy mang nén
bi ngdm trong moi truérng vi khuan co thong
lugng loc chuan héa giam dang ké so vai mang
nén khong ngdm trong maéi truong vi khuén.
Trong khi do, thong lugng loc ciia mang trung

1.0

hop ghép PHMG khéng thay ddi khi ngdm
mang trong moi truong vi khudn va khong
ngdm mang trong moi trudng vi khuan. Piéu
ndy mot lan nira khang dinh bé mat mang
TFC/PA-g-PHMG c6 kha ndng khang khuan tét
hon nhiéu so véi mang nén. Két qua nay phu
hop v6i két qua danh gia kha nang khang khuan
ctia bé mat mang (Hinh 4).

Acid Humic

- BSA
=
—
= 0.8
B—}
=
=
=
= 0s
<
P
=
%ﬁ o
20
(E 0.2
0.0 :
TFC/PA TFC/PA g
PHMG
BKhéng ngam trong méi trudng vi khuin

THFC/PA THFC/PA g
PHMCG

ENgaim trong méi truwong vi khuin

Hinh 10. Théng lwong loc chun hoa cia mang néj:n TFC/PA va mang trung hop ghép TFC/PA-g-PHMG
khi ngam/khéng ngam trong mdi trudng vi khuan véi tdc nhan tach la dung dich BSA va acid humic.
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4. Két luan

Nghién ctru nay da thanh coéng trong viéc
dua PHMG lén bé mit mang loc composite
polyamide TFC/PA bang phwong phap tring
hop ghép quang hoa. Cac diéu kién tring hop
ghép bao gdm ndng d6 PHMG, thoi gian tring
hop ghép va thoi gian khoi mao anh hudng ro
rét dén tinh ning tach loc ciia mang. Trong céac
didu kién da khao sat, diéu kién toi wru dé tring
hop ghép quang héa dung dich PHMG lén bé
miat mang TFC/PA 1a nong d6 PHMG 0,05%,
thoi gian trung hop ghép 15 gidy, thoi gian khoi
mao 15 gidy. Sau khi tring hop ghép, bé mit
mang TFC/PA-g-PHMG di tré nén chat sit
hon, kha ning khang khuin vuot troi so véi
mang nén. Dic biét, kha ning khang tic sinh hoc
cia mang da dugc cai thién dang ké, duoc thé
hién qua gia tri d§ duy tri thong lugng loc theo
thoi gian cao hon so voi mang nén sau khi ngdm
trong mdi trudng vi khuan E. coli trong 4 ngay.
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