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SUMMARY

STUDY ON FABRICATION OF NANOFILTRATION MEMBRANE
BY INTERFACIAL POLYMERIZATION WITH DOPAMINE BIOMONOMER

In this study, we introduce a thin film composite (TFC) nanofiltration (NF) membrane prepared by the
interfacial polymerization (IP) using dopamine-biomonomer with trimesoyl chloride (TMC). The
cellulose acetate (CA) ultrafiltration membrane was used as a support layer. Dopamine can not only
firmly adhere to the support layer but also can form a uniform polyamide layer to improve water
transport and separation. The fabricated TFC NF properties were characterized using modern
techniques, including attenuated fotal reflectance-Fourier transform infrared spectroscopy (ATR-
FTIR), scanning electron microscopy (SEM), and contact angles. Dopamine-based TFC NF membrane
exhibited a high permeability of 48.2 L m2h™bartand a congo red rejection of 99.3%.
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1. MO PAU

Su ra doi ctia mang mong composite (TFC) da
tao ra mot cuoc cach mang trong cong nghé
mang loc nano (NF) va cho dén nay tring hop
bé mat (IP) 1a mot ky thuat thuong duoc su
dung dé ché tao mang TFC NF [5; 9; 12; 23].
Mang méng composite 13 mang NF thé hé 2
bao gom mét I6p chon loc polyamide va mot
I6p x6p hd tro thuong 1a nhitng mang siéu loc
(UF) [8; 13; 17]. Bé dat dugc Gng dung rong
réi cho mang NF thi cdc mang ché tao can phai
¢6 tinh thdm nudce tét va do chon loc cao. Tuy
nhién su két hop cua ca hai tinh chat nay rat
kho dat dugc [20], va dang la mot nhiém vu
day thach thie. Tinh tham va tinh chon loc cua
mang TFC NF cha yéu lién quan dén hinh théi
c4u tric cua 16p mang mong polyamide va hiéu
suét cua lop siéu loc hd trg. Nhiéu nghién cau
da ¢ géng kiém soat qua trinh tring hop tai bé
mat (IP) théng qua k¥ thuat bé mat nén va diéu
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chinh hinh thai bé mat [8; 9; 18; 25; 26]. Gan
day, mot cach tiép can thyc té khac da duoc &p
dung dé tao thanh mot 16p chon loc siéu mong
ddng nhit va co kiém soét bang cach chon cac
monomer sinh hoc hoa tan trong nudc khac
nhau (nhu polyamines, polyphenol va acid hitu
co) thay vi sir cAc monomer truyén thong nhur
m-phenylenediamine (MPD) va PIP [9; 25;
26]. Trong d6, monomer sinh hoc dopamine Ia
mét dai dién phd bién va dang chi y, tro thanh
mot cong cu manh mé& cho ky thuat bién tinh
bé mit mang bing cach tao ra mot lop
polydopamine (PDA) bam chit va ua nudc trén
bé mat trong diéu kién kiém yéu do cac nhom
catechol, amine va imine vén c6 cua né [7; 10;
21; 24].

Trong nghién ciu nay, ching toi gigi thiéu
mang TFC NF diéu ché theo phuong phap IP
s dung monomer sinh hoc dopamine cho quéa
trinh IP trén mang siéu loc cellulose acetate.
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Dé cai thién d6 6n dinh cia mang composite
TFC, polydopamine dugc kich hoat bai
CuS04/H,0; ciing duoc ling dong trén mang
nén cellulose acetate truéc khi thuc hién phan
ung IP.

2. THUC NGHIEM

2.1. Hoa chit va vat ligu

Cellulose acetate (43% nhom acetyl) dugc tong
hop theo tai liéu [15], Dopamine hydrochloride
(DA; 98%, Sigma-Aldrich),  Trimesoyl
chloride (TMC; 98%, Sigma-Aldrich),
Dimethyl sulfoxide (DMSO; 99%, Merck), n-
hexane (97%, Xilong), Tris (hydroxymethyl)
aminomethane (Tris-; 99%, Merck), Non-
woven (Novatexx 2471), Congo red (99%,
Xilong).

2.2. Ché tao mang loc nano TFC NF sir dung
I6p hd trgr CA siéu loc

Mang siéu loc CA dugc ché tao theo phuong
phap di cong bd truée day [15], hoa tan CA
(18%) trong dung méi DMSO khudy trong 8 h
& 50 °C, dat dung dich polymer vao tu siy & 50
°C trong 4 h dé loai bo bot khi. Sau d6 dung
dich polymer dwoc can bang dao can véi chiéu
day 250 pum trén non-woven Novatexx 2471
dat trén tam kinh phang. Ngay sau khi can, tim
non-woven dugc chuyén ngay vao chau nuéc
dé ion. Sau 1 h mang duoc rira vai lan véi
nude dé ion va bao quan trong nude dé ion.
Dopamine (2%) duoc hoa tan trong 20 mL
dung dich d@m tris-HCI (pH = 8,5) c6 chira
CuSO4 5 mM dugc cho thém 0,01 mL H,0,
30% vao dé qué trinh tu tring hop dopamine
xay ra nhanh hon. Dit mang nén CA véi dién
tich 22,9 cm? vao khuén giir c6 dinh mang. D6
dung dich vira chuan bi 1én mang dé thyc hién
viéc phu polydopamine va gitr yén trong 4
phat. Sau d6, @6 bé dung dich con thira trén
mang, ding nuéc Cat rira sach mang dé loai bo
nhitng phan polydopamine con lai bam dinh
yéu trén mang. Tiép theo, ngdm mang da duoc
phu polydopamine trong dung dich TMC/n-
hexan (ti 18 0,1% trong lugng) trong 2 pht roi
tién hanh xa ly nhiét & 70 °C dé hoan thanh qua
trinh trung hop. Mang sau d6 dugc ngdm bao
quan trong nudc d& ion cho cac nghién cuiu tiép
theo va duoc ki hiéu la NF/CA-PDA.
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2.3. Panh gia hiéu qua thuc hién caa cac
mang ché tao

Thi nghiém xac dinh thong luong dong tham
va hiéu sut phan tach thudc nhuém duoc tién
hanh bang thiét bi loc ngang (cross-flow).
Mang NF/CA-PDA duoc 6n dinh & &p suat van
hanh 4 bar trong 1 gio bang nudc cit va xac
dinh thong lwong dong thim (W,) cia mang va
hiéu qua tach thudc nhuom. Thong lugng dong
thim (Wp) (L m? h' bar?) dugc xac dinh theo

cong thue: Wy = ﬁ €))

Trong d6: AV (L) 1a thé tich nuéc qua mang
trong thoi gian t (gi0), A (m?) 1a dién tich hiéu
dung ctia mang, AP (bar) 14 ap suat van hanh.

Hiéu suét tach thuéc nhuom duge xac dinh

theo cong thuc: R = I—c-':—c"‘i 100% (2)
f

Trong do Cs 1a n6ng d6 thudc nhudém ban dau,
Cp la ndng d6 thudc nhudém trong dung dich
sau khi qua mang loc. Nong d6 cua thudc
nhudém dugc xac dinh theo phuong phap duong
chudn dya vao do hap thu quang duogc xac dinh
bang may quang phd UV-Vis (UV-1800
Shimazdu).

2.4. Pic trung cac mang ché tao

Céc nhom chirc bé mat ciia mang ché tao duoc
phan tich bang may quang phé hong ngoai
(Alpha-P FTIR spectrometer, Bruker, USA).
Hinh thai bé mat va mat cit ngang cua mang
cuing phd tan xa ning lugng tia X (EDS) dugc
ghi trén kinh hién vi dién t quét SEM/EDS
(Philips XL30-FEG). G6c thdm ué6t véi nude
cta mang dugc xac dinh & nhiét do phong trén
thiét bi OCA20 (Data Physics Instruments
GmbH).

3. KET QUA VA THAO LUAN

3.1. Pic trung thanh phan hoa hec va hinh
thai bé mat mang

Hinh thai bé mat cua cac mang ché tao duogc
thé hién qua anh SEM & Hinh 1a va 1b. Khéc
v6i bé mat dac khit cia mang CA ban dau
(Hinh 1a), mang NF/CA-PDA thé hién hinh
thai bé mat dang 16 xp (Hinh 1b). Trong quéa
trinh phan ung IP, cA&c monomer dang nud6c
dau tién lan truyén vao dung dich hiru co va



phan tng véi TMC dé tao thanh 16p PA, sau
khi 16p PA dugc tao ra; phan tng bi gigi han
bai sy khuéch tan caa monomer nuéc qua 16p
PA. L6p hd tro dugc phu polydopamine trude
khi phan ung IP gidp cho su hinh thanh I6p
hoat tinh TFC c6 d6 nham bé mit cao hon, ¢6
thé do sy tich tu cua céc tap hop polydopamine
trén bé mat mang. Hon nita, dopamine 12 mot
“keo sinh hoc” nén c6 tinh chét két dinh manh
va tao dugc lién két cong hoa tri [3; 22]. Do
d6, trong qué trinh phan tng IP, dau tién dung
dich hitu co TMC/n-hexane duoc dua vao tiép
xdc véi chit nén da dugc phu polydopamine,
tiép d6 16p PA gd ghé bit dau hinh thanh va
monomer amine moc ra tir cac 15 xop hd tro.
Khi monomer amine lién tuc moc ra tir c4c 15
rdng va khuéch tan vao pha hitu co nd s&
khuéch tan theo chiéu ngang dé tao thanh 16p
PA hoan chinh. Hon nira, polydopamine két
hop béo hoa vai cdc monomer trong pha nuéc
phun trao nhu nui Itra tir 16p nay sang 16p khéac
va dan dén sy hinh thanh hinh théi 16 xop [13].
Qua anh SEM mit cat ngang cua hai mang ché
tao trong Hinh 1c va 1d, ta thdy qua trinh bién
tinh bé mat khong 1am thay d6i hinh thai cdu
tric cua l6p hd tro. Phé EDS cua mang
NF/CA-PDA (Hinh 1f) xuat hién nguyén té N

%Khéi | %
lwgng Nguyén
tir
CK 5232 59.38
OK 47,68 40,62
Téng cong  100% 100%

khac voi phd EDS ciia mang CA ban diu
(Hinh 1e) xac nhan sy ton tai I6p PA trong
mang sau bién tinh.Hinh 2 trinh bay phé ATR-
FTIR cho mang nén CA va mang NF/CA-PDA
duoc chuan bi trong nghién ciu nay. Mang CA
va mang NF/CA-PDA c6 hai loai nhém chic,
nhom amine va nhém hydroxyl, tao thanh lién
két amide va ester. Phé FTIR cua hai mang cho
thiy cac dinh hap thu dic trung cua cellulose
acetate ¢ 1738, 1224 va 1032 cm?, duoc quy
cho 14 do dao dong hda tri cua lién két C=0
trong céc lién két ester, lién két —C-O- trong
nhom acetyl va C-O-C trong vong pyranose
[11; 16]. Trong khi dinh hip thu nho xuit hién
¢ 1650 cm™ dugc gan cho dao dong hda tri
trong cac nhém amide (N-H) trong
polydopamine [6]. Hon nita, dinh 1650 cm™
dai dién cho tin hiéu cta phan ti nuéc tu do
[1]. Ngoai ra, dinh hip thu rong, manh & 3436
cm! duge cho 1a do dao dong hoa tri cua
amide (N — H) cling nhu nhém hydroxyl (O —
H) trong monomer sinh hoc dopamine [19].
Céc dinh hap thy dic trung & 1619 cm™ (dao
dong hoa tri cua vong thom) [4] va 1541 cm™
(dao dong bién dang N-H) [14] cung véi su
tang cudng d6 hap thu vang 3436 cm ching
t6 sy hinh thanh 16p PA trén bé mat mang CA.

50,74
oK 45,14
NK 4,12

Téngcéng 100%
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Hinh 2. Phé FTIR ciia mang CA va NF/CA-PDA
3.2. Két qua do goc thim wét
Két qua do goc tham wot ddc trung cho tinh wa
nuée bé mat cua vat ligu mang dwoc thé hién ¢
Hinh 3. G6c tham wét véi nuée cia mang CA
va NF/CA-PDA lan lugt 1a 57° va 42° cho
thiy tinh wa nuéc cua mang CA duoc cai thién
dang ké nho 16p pha PA, trong do
polydopamine chira kha nhiéu nhom wa nuéc
nhu —OH and —NH- [2] lam cai thién rd kha
ndng wa nuwdc ctia mang.

(a) . (b) .

Qe ————

Hinh 3. Géc thdm wét ciia mang CA (a) va
mang NF/CA-PDA

3.3. Panh gia hiéu suit cia mang ché tao
Théng lwong dong thim va hiéu suat phan tach
la hai thong s6 quan trong c6 thé duoc sir dung
dé kiém tra hiéu suit cua mang loc nano.
Thong lugng dong tham va hiéu suat phan tach
congo do cua mang ché tao dugc thé hien ¢
Bang 1. So sanh két qua thuc hién cua mang
NF/CA-PDA véi mot s6 cong bd gan day thé
hién & Bang 2, c6 thé két luan rang mang loc
nano NF/CA-PDA c6 thong lugng dong thim
t6t 48,2 (L m2 h'l bar?) va phan tach hiéu qua
véi thude nhuom congo do (99,3%).

Bang 1. Théng lirong dong tham (We) va hiéu

suat phan tach congo dé (R%)

Mang We (L m? hlbar?) R (%)
CA 284,5 17,4
NF/CA-PDA 48,2 99,3
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Bdng 2. So sdanh mang NF/CA-PDA véi cac
mang NF quy md phong thi nghiém

W Tham
Mang (Lm2h | R (%) Khio
Lhar?)
SDA-TMC 10,4 99,9 [3]
Dopamine/TMC
. 9,5 99,5 26
composite NF#4 [26]
Modified
PEIPAN 25,5 97,1 [27]
NFM-3 68,8 88 [28]
NF/CA-PDA 48,2 99,3
4. KET LUAN

Mang loc nano NF/CA-PDA di duoc ché tao
thanh cong bang phwong phap IP s dung
monomer sinh hoc dopamine cling chat kich
hoat CuSO.H,0, trén mang nén CA.
Dopamine c6 nhiéu nhém chac wa nuéc han
ché dwoc sy tring hop noi phan tir trong phan
ung véi TMC/n-hexane, gilp cho 1ép PA dugc
ddng nhat, tao bé mat mang dang 16 x6p va ua
nude. Nho vay, mang loc nano NF/CA-PDA
¢6 thong lugng dong thdm cao (48,2 L m? h't
barl) v6i hiéu suit phan tach thudc nhuom
congo do dat trén 99%. Tur két qua thu duoc,
c6 thé phét trién cac mang loc nano véi thong
luong dong tham cao dua trén monomer sinh
hoc dopamine than thién v6i méi truong va on
dinh vé& mat héa hoc.

Loi cam on: Nghién ciru nay duoc hd trg kinh
phi tir dé tai nghién ctru khoa hoc va cong nghé
cap Trudng nim 2022, ma sb T2022.754.10
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