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SUMMARY

SYNTHESIS AND CHARACTERIZATION OF CA/PDA MEMBRANE FOR Pb**
REMOVAL FROM AQUEOUS SOLUTION

Cellulose acetate membrane was successfully synthesized by phase inversion method using cellulose
acetate (CA) prepared from sugarcane bagasse. The CA/polydopamine (PDA) membrane was also
prepared by coating PDA nanoparticles on the walls of internal pores and on the surface of CA
membrane. The membrane parameters were evaluated through water flux and contact angle. The
obtained membranes have been characterized by FT-IR/ATR, SEM, DTA-TGA. The experimental
isotherm data were analyzed using Freundlich and Langmuir isotherm models. The obtained results
show that modifying CA membrane by decorating PDA nanoparticles exhibited favorable permeability
and high adsorption capacity for Pb** in aqueous solution. Particularly, CA/PDA membrane performed
maintainable pure water flux (137.6 L/m*h). The adsorption capacity for Pb>*on CA/PDA membrane
was 85.47 mg/g. Hence, coating PDA nanoparticles on the CA membrane is an effective approach to
improve the membrane performance for heavy metals removal.

Keywords: Cellulose acetate, dopamine, CuSO4+/H>0:, polydopamine, adsorption membrane.

1. MO PAU khé nhiéu su quan tdm cua cac nha khoa hoc
Gan day, mang hip phu vé6i su két hop nhiing [10,11]. Lép phu polydopamine (PDA) dong
wu diém cua ky thuat tao mang va qua trinh vai trd nhu mot chit bién d6i bé mat dugc sir
hép phu da thu hit nhiéu nha nghién ctu [1-3]. dung c6 hi¢u qua cho viéc loai bo kim loai
Chung dugc ché tao theo hai huéng khac nhau ning , boi kha ning bam dinh tét va chira
la hoa tron vat 1y hoac bién dbi bé mat. Voi nhiéu nhom chue. Su l'Zing dong PDA do su oxi
phuong phap hoa trén vat 1y, co thé dua thém hoa tir khong khi xay ra cham va it dong déu.
vat liéu 1én mang 1a hat nano Zr [1], hat nano Jing Wang va cong sy da gidi thi€u phuong
Fe;04 [4,5], hat chitosan [6], graphene oxide- phap ling dong nhanh PDA khi st dung
TiO, [7],... va hoat dong nhu chét hip phu kim CuSO4/H;0; nhu  chit kich hoat [I1].
loai nang. Nhung dé ting kha nang hip phuy, Cellulose acetate (CA) la mot trong nhiing
can dua vao mang mot lwong 16n chat hap phu, polymer dau tién sir dung dé tao mang tach
viéc nay dé lam thay doi tinh chat nhiét dong nude co ban [13,14]. Mang ¢6 d6 bén tdt, tinh
hoc ctia dung dich tao mang va anh huong dén ua nudc cao, kha nang loai bd mubi va khang
hiéu suit loc cua mang [8,9]. Bién d6i bé mat nghén tbt, thong lwong nude cao, do d6 chung
mang bang cach dua thém nhimg phan tir 16n dugc tmg dung rat rong réi.

nham cai thién tinh chat hip phu, ciing nhan Bai bao nay trinh bay két qua vé ché tao mang
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CA/PDA dinh huéng tmg dung hap phu kim
loai ning trong nude. CA duge tong hop tir bd
mia, ngué)n sinh khéi doi dao trong tu nhién,
than thién moéi truong. PDA dugc ling dong
1én bé mit va thanh cac 16 x0p ctia CA bang
cach st dung CuSO4/H,0; cung véi dung dich
dopamine.

2. THUC NGHIEM

2.1. Vit liéu

Cellulose acetate (CA) dugc téng hop tir bd
mia [15]; dopamine va tris-HCI (sigma);
dimethyl sulfoxide (DMSO) va chi (II) nitrate
(Merck); axeton, hydropeoxit (H,O,) (Xilong).
2.2. Ché tao mang

Hoa tan 2 g CA vao 9 mL hé dung méi
DMSO/axeton ti 1¢ 3:1 theo thé tich va khudy
lién tuc trong 24 h, gia nhiét & 50 °C. Dé yén 6
h dé hét bot khi, sau d6 dung dich gel dugc cho
lén tAm kinh phing, ding thanh can c6 ranh
khuén mang 250 pm can ngang qua hon hop
voi toc d6 1 mm/s. Sau 10 gidy trong khéng
khi, chuyén tam kinh nay vao bé nuéc dé ion &
25 °C @ két tu mang. Mang trudc khi ding
dugc bao quan trong nude dé ion.

Pé ling dong PDA, 50 mL dung dich
dopamine (2 g/L) trong dém tris-HCl (pH =
8,5) cd chira CuSOs 5 mM dugc cho thém 0,1
mL H,0; 30% vao dé qua trinh tu trang hop
dopamine xay ra nhanh hon. Chuyén dung dich
ngay vao mo-dun gitr mang CA, dé yén 60
phut, sau d6 ldy mang ra va rira nhiéu 1an bang
nude cat dé loai bo hoan toan phan PDA con
thira trén bé mit. Mang CA/PDA dugc bao
quan trong nudc dé ion.

2.3. Pic trung ciia mang

Hinh thai mang dugc quan sat qua kinh hién vi
dién tir quét SEM. Tinh chét chuyén pha nhiét
cia mang dugc nghién ciru qua phuong phap
phan tich nhi¢t DTA —TGA, quét & nhiét do
phong 30 °C dén 700 °C, téc do gia nhiét 10
°C/phiit trong dong khi N tinh khiét voi toe do
dong 100 mL/phat. Pho hong ngoai IR phan
tich cdu truc ciia mang CA/PDA véi nhiing
dinh peak dic trung trong ving 400 dén 4000
cm™,

2.4. Géc tiép xic nuée

Dé nghién ctru tinh chat lam w6t bé mat cua
mang, cac phép do goc tiép xtic voi nudc duogce
nghién ctru & nhiét 6 phong bang may do goc
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tiép xtic (OCA20, Ptrc). Tat ca cac mang duoc
sdy kho ¢ nhiét d6 phong trude khi do goc tiép
xuc cua ching. Mot giot nude (2,0 uL) duogc
nhoé trén bé mit mang bang micropipette dé
xéc dinh goc tiép xuc.
2.5. Toc d9 dong chiay qua mang
Tbc @6 dong chay qua mang dugc xac dinh
béng hé loc véi dién tich mang hi¢u dyng la
10,75 cm?®. Mang dua vao bd loc, dugc nén
trude véi ap suit 0,5 bar dé c6 dong chay on
dinh va sau d6 giam ap sudt xubng 0,35 bar,
sau 60 phut bit ddu x4c dinh téc do dong chay.
Cong thuc tinh téc d6 dong chay J (L/(m*h)
nhu sau:

v
Ax At

]= ()

Trong d6: V (L) 1a thé tich nuéc thim qua
mang, A la dién tich hiéu dung ciia mang dung
trong bo loc, At 1a thoi gian V (L) nudc thim
hét qua mang.

Thi nghiém loc tach Pb*" duoc thuc hién véi
ndng d6 dau vao 1a 50 ppm. Hiéu suit H (%)
tach loai Pb*" trong qué trinh loc mang tinh
theo cong thure:

H{:':.'-"'c-} = G%

+ 100% @)

Trong do:

Cr (ppm) 1a ndng d6 ban dau;

Cp (ppm) 1a ndéng d6 sau khi thim qua mang
ciia Pb?",

2.6. Khio sat kha niing hip phu kim loai
Pb** ciia mang

2.6.1. Khdo sdt thoi gian cén bang hép phu
Cho mang CA/PDA vao cdc 100 mL chira 50
mL Pb*" 96,416 ppm, pH = 5,4 va dit trén may
lac RotoMix Type 48200 voi toe do quay 100
rpm, trong thoi gian 24 h.

Nong d6 Pb** truéc va sau khi hdp phu & cac
khoang thoi gian khac nhau dugc do bang may do
dién héa theo phuong phap Von —Ampe hoa tan.
2.6.2. Khdo sdt ding nhigt hdp phu

Thi nghiém hap phu nhu & muc 2.6.1 véi nong
d6 Pb** thay ddi (50-600 ppm).

Ding nhiét hip phu chi cia mang CA/PDA
dugc khao sat theo mo hinh déng nhiét hap phu
Langmuir va Freundlich. Phuong trinh
Langmuir va Freundlich tuyén tinh dugc biéu
dién nhu sau:
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Trong d6: Ki: hang sb (cn bing) hép phu

Langmuir; q.: dung lugng hép phu tai thoi
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diém can bang (gs = 1); qm: dung

lwong hap phu téi da cua chat hap phu; C, va
Ce: nong d6 dung dich ban d4u va sau hip phu
tai thoi diém cén bang (mg/L); V (L): thé tich
dung dich hap phu; Kg: hang s6 Freundlich.
2.6.3. Khdo sdt dpng hoc hép phu
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Hinh 2. Ph6 FT-IR/ATR ciia mang CA va CA/PDA

Pong hoc hép phu béac 1 va bac 2 dugc dua ra
twong tng theo hai phuong trinh sau:

In(q, — q.) = In(q, —k.t) (5)
3 1 + i (6)

qr  kuqF Q¢

V6i g, 1a dung luong hap phu tai thoi diém t,
q. 1a dung luong hip phu tai thoi diém can

bang.
3. KET QUA VA THAO LUAN
3.1. Pac trung ciia mang
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Hinh 3. Puong TGA va dTG ciua mang CA va
mang CA/PDA



3.1.1. SEM

Tir anh SEM trén hinh 1, nhin thiy bé mat
mang va cac thanh 16 xdp bén trong ciia mang
CA rit nhin, khac biét rd rét voi mang
CA/PDA. L6p PDA ling dong trén bé mit cua
mang ciing nhu cac hat nano PDA trén thanh
céc 16 x0p ciia mang CA/PDA thé hién rd trén
hinh 1b va le.

3.1.2. Phé IR

Pé x4c nhan su ton tai cia PDA trén mang CA,
phan tich phd FT-IR da duoc nghién ciru. Hinh
2 trinh bay cac két qua cua phd FT-IR/ATR
cua cac mang CA va CA/PDA. Mang

CA/PDA cho thay phd FT-IR rat giéng so nén
CA, ngoai tror cuong do dao dong hoa tri ctia lién
két O-H va N-H nam trong dai tir 3300 — 3700
em! va dao dong hoéa tri ciia lién két C-H tai 2960
cm! ting 1én dang ké xéc nhéan 16p PDA da dugc
¢b dinh thanh cong 1én bé mat mang CA.

3.1.3. Phan tich nhi¢t DTA-TGA

Két qua duogc trinh bay trong hinh 3. Su sut
khéi dau tién xay ra tai khoang nhiét d6 gitra
95 va 105 °C 1a do sy mat nudc trong cic
mang. Giai doan syt khdi thr hai xay ra tir 300
-390 °C la do sy suy thoai ciia cac nhém chure
acetyl [16], [17]. Giai doan sut khéi thir ba xay
ra tir trén 400-520 °C 1a sy phan hay ciia chudi
polyme CA va PDA [12]. Trén dudng dTG thé
hién rd su sut khéi & giai doan thir ba cia mang
CA/PDA nhiéu hon ctia mang CA ban dau
chtmg t6 sy ton tai cia 16p PDA. Cac mang
ché tao dugc déu bén nhiét dudi 300 °C phu
hop cho qua trinh loc cia mang siéu loc.

3.2. Géc ﬁép xuc nwéc

(C)

Hinh 4. Anh chup goc tiép xiic ciia mang CA
(a, b) va CA/PDA (c, d) liic dau (a, ¢) va sau
60 s (b, d)
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Tinh wa nuéc bé mit cao 1a mot yéu td quan
trong ciia mang dé ting cudng tinh thim qua

A

va giam 6 nhiém trong thoi gian tich nudc
[11]. Tinh wa nudc bé mat ciia mang CA va
mang bién tinh dugc danh gid bang cac phép
do géc tiép xuc nude phu thude vao thoi gian
(hinh 4 va hinh 5). Goc tiép xtc nudc cua
mang CA/PDA giam tir 39,8° xu6ng con 37,5°
va mang CA ban dau giam tir 57.8° xuéng
52,3° sau 60 gidy. Nhu vay, mang CA/PDA cé
tinh wa nudc cao hon mang CA ban dau boi vi
PDA chira nhiéu nhém chirc wa nudc hon.
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Hinh 5. Su bién thién géc tiép xiic nuwée ghi
trong 60 giay cia mang CA va CA/PDA
3.2. Téc dp dong chiy qua mang va hiéu

suit tach loai Pb** qua loc mang

Tbc d6 dong chay qua cia mang CA 1a 210,9
(L.m2h") va mang CA/PDA 1a 137,6 (L.m2h"
1) dbi voi nudc cét tai ap sudt van hanh 13 0,35
bar. Két qua nay xac nhan 16p PDA ving chic
va hiéu qua di bao phu mang nén CA xdp ban
dau bai sy ling dong nhanh chéng voi tac nhan
CuS04/H,0,. Vi vay, mang CA/PDA dac khit
hon nén tdc d6 dong chay qua giam.

Hiéu suat loc tach Pb*" ciia mang CA/PDA dat
duge 13 99,5% vé6i toc do6 dong chay qua 1a
126,1 (L.m2h) tai ap suat van hanh 1a 0,35
bar. Trong qué trinh loc tach chi, tbc d6 dong
chay qua c6 giam nhe nhung khong dang ké.
3.3. Két qua khio sit hip phu ciia mang
3.3.1. Khdo sdt thoi gian cin bang hip phu
Tir hinh 6 cho thiy dung luong hip phu cua
mang CA/PDA tang theo thoi gian va tir thoi



diém t = 8 h dung luong thay d6i khong déng
ké. Vi vdy chung toi chon thoi gian can bing

hay t/q; theo thoi gian, thu dwoc dd thi dang
duong thang trén hinh 7a va 7b.
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Hinh 6. D6 thi su phu thuoc thoi gian va dung 12 R7=0.99801
lieong hdp phy Pb** ciia mang CA/PDA 10 |-
3.3.2. Ping nhi¢t hdp phu Pb** ciia mang Sy
CA/PDA 6 [
Hai m6 hinh ding nhiét hip phu Langmuir va 4 (b)
Freundlich dugc st dung dé nghién ctru déng 2
nhiét hap phu Pb*" cua vat liéu. ol v
Bdng 1. Cdc théng sé dang nhiét Langmuir va o 100200 300 400 500
Freundlich Ihot gian (phit)
— Hinh 7. Péng hoc biéu kién bdc 1 (a) va bdc 2
Mo hinh ic thone s cia mo hinh ¢ ¢ ’ ’
0 hin Cac thong so ctia mo hin (b) ciia Pb* ciia mang CA/PDA
Ko 0,041
Langmuir qm (Mg/g) 85.47 Céc théng s6 dong hoc hip phu Pb*" trén
R? 0,993 mang CA/PDA dugc trinh bay trong bang 2
n 4,114 Bdng 2. Cdc théng sé dong hoc hdp phu trén
Freundlich | I/n 0,234 mang CA/PDA
Kr 21,429 Phuong | Hang sb k Qe R?
R2 0,888 trinh (g/mg.gidy) | (mg/g)
S liéu thyc nghiém & bang 1 chi ra rang sy B";‘C ! 0,102 45,98 0,916
hap phu ion Pb2* trén vat liéu mang CA/PDA Bac2 0,012 40,00 0,998

tuan theo ca hai mo hinh dang nhiét Langmuir
va Freundlich v6i hang sb tuong quan cao
(twong tmg R? = 0,993 va R?= 0,888), So sanh
R? cho thiy mé hinh Langmuir phu hop hon.
Dung lugng hép phu cuc dai dat duoc 1a qm =
85,47mg/g. Gia tri K¢ = 21,429 tuong ddi cao
va n = 4,114 16n hon 1 cho thay su hip phu
Pb?* 1a thuén loi tai diéu kién dang xét.

3.3.3. Pong hoc hdp phu Pb** ciia mang
CA/PDA

Tu céac s liéu thuc nghiém thu duogc, hoi quy
tuyén tinh cac gia tri thuc nghiém In(qe —q)
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Tir hinh 7 va bang 2 cho thiy su hap phu cua
Pb*" trén mang CA/PDA phu hop theo md hinh
dong hoc biéu kién bac 2 (R? = 0,998) hon so
v6i mé hinh dong hoc biéu kién bac 1 (R? =
0,916).

4. KET LUAN

Vit liéu mang CA/PDA da dugc ché tao thanh
cong theo phuong phap don gian va than thién
moi treong. Mang wa nudc, ¢6 dong chay cao J
= 137,6 (L m>h"), va kha ning loai bé kim
loai ning cao & ap sudt van hanh thap 0,35 bar
(H% = 99,5%). Pang nhiét hip phu Pb*" cua




vat liéu tuan theo ca hai mo hinh Langmuir va
Freundlich, trong d6 mé hinh Langmuir phu
hop hon vi ¢6 hiang sé twong quan cao hon.
Dung luong hap phu cuc dai déi v6i ion Pb*" Ia
85,47 mg/g. Pong thoi, dong hoc hip phu Pb2* cua
mang CA/PDA tuan theo m6 hinh dong hoc biéu
kién bac 2 (R2=0,998).

Loi cdm on: Nghién ciru nay dugc tai trg mot
phan kinh phi boi dy 4n Team (mi sb
ZEIN2016PR431).
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