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Linh vie ki thuit dwoe dé cap

Giai phap hitu ich thudc linh vuc khoa hoc vat lidu va xtr Iy mdi truong, cu thé 1a
giai phép hitu ich d& cap dén quy trinh san xudt mang composit GO-PVDF/CS tng dung
d& hip phu ion kim loai ning trong moi trudng nude. |
Tinh trang ky thuit cia gidi phap hiru ich

Viéc loai bo kim loai nang khoi nude thai dong mét vai tro quan trong béi vi cac
chit 6 nhifm nay c6 thé giy ra nhiing van d& nghiém trong cho su ton tai ctia sinh vat
sdng ngay ca ¢ ndng do thap. Vi du, mangan (Mn) 1a kim loai phé bién déng vai tro
quan trong trong viéc trao d6i chat va sinh 1y cta co thé con ngudi va né c6 trong nhidu
ngudn nude mit va nude ngim. Tuy nhién viée tiép xtc nhiéu 14n va 1au dai véi Mn c6
thé gay ra cic nguy co vé stic khde cho con ngudi. Céc nghién ciru da béo cdo rang tré
em va ngudi 16n ubng nude c6 ham lugng Mn cao (240-350 g/L) trong thoi gian dai s&
din dén suy giam chitc ning tri tué va kha ning van dong (Sharma et al., “Manganese
nanoparticles induce blood-brain barrier disruption, cerebral blood flow reduction,
edema formation and brain pathology associated with cognitive and motor
dysfunctions”, Progress in Brain Research, 265, 385-406, 2021; AlTowyan et al., “The
removal of manganese ions from industrial wastewater using local Saudi and
commercial bentonite clays”, Groundwater for Sustainable Development, 19, 100821,
2022). Str dung cac nguén nude nhiém kim loai ning khac nhu asen, chi, cadimi, déng
v.v. ¢ thé gy ra ngd doc man tinh va cp tinh, dn dén chim phat trién, nhiém ddc than
kinh, ton thuong than, gan va phéi, ung thu va thim chi c6 nguy co tir vong trong trudng
hop phoi nhiém véi lugng 16n (Rehman et al., “Prevalence of exposure of heavy metals
and their impact on health consequences”, Journal of Cellular Biochemistry, 119, 157-
184, 2017). Do d6, nghién ciru dé dé xuit quy trinh hodc vat liéu c6 kha nang loai bo
hiéu qua kim loai ning khoi méi truong nude da duoc nhiéu nha khoa hoc trén thé gi6i
quan tam. Cho dén nay, da c6 cac k¥ thuat khac nhau duge ap dung dé loai bod kim loai
ning bao gdm phuong phap vat ly, phuong phap héa hoc va phuong phép sinh hoc
(Nasir et al., “Adsorptive nanocomposite membranes for heavy metal remediation:

Recent progresses and challenges”, Chemosphere, 232, 96-112, 2019), trong d6 phuong
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phap st dung mang loc hép phu thé hién tinh chon loc cao, do 6n dinh, khong tao ra san
phém phu, quy trinh vin hanh don gidn va hoat dong duoc lién tuc.

Mang loc duoc ché tao bing phuong phép quay dién da thu hit sy chi y dang Kké
trong cac tng dung loc vi c6 do x6p cao (khoang 80%), dién tich bé mit riéng 16n véi
cAu trac mao quan lién két véi nhau. Do d6, cdc mang ndy c6 uu diém 1a gitp Iuu lwong
qua mang cao hon véi 4p suét van hanh thip hon so v6i mang loc thong thuong (Shirazi
et al, “Electrospun nanofibrous membranes for water treatment”, Advances n
Membrane Technologies, 57, 467-504, 2020). Tuy nhién, mang quay dién don thuén s&
khéng hiéu qua trong viéc tach cdc ion kim loai nang do kich thu¢c mao quan lén c&
micromet nén dé dang cho ion kim loai ning c6 kich thudc nho hon di qua (Ge et al.,
“Biomimetic multilayer nanofibrous membranes with elaborated superwettability for
effective purification of emulsified oily wastewater”, ACS applied materials &
interfaces, 10, 16183-16192, 2018). VAn d& nay c6 thé duogc giai quyét bang cach phu
mot 16p mang polime siéu méng va c6 kha nang hép phu trén bé mit mang quay dién dé
nang cao hiéu qua tach va duy tri tinh thAm ctia mang (Mokhena et al., “Development
of multifunctional nano/ultrafiltration membrane based on a chitosan thin film on
alginate electrospun nanofibers”, Journal of Cleaner Production, 156, 470-479, 2017).

Polyvinyliden fluorit (PVDF) 1a mét trong nhitng vat liéu mang loc dugc st dung
phé bién dé loai bod chit 6 nhiém trong nudce do ¢6 cac dic tinh ndi bat nhu 6n dinh nhiét,
khang hoa chit va bén co hoc (Kang et al., “Application and modification of poly
(vinylidene fluoride) (PVDF) membranes—a review”, Journal of membrane science, 463,
145-165, 2014). Tuy nhién, PVDF lai 1a mot polime ki nuéc nén lam gidm luu luong
dong chdy qua mang va gay téc mang. Do d6 dé sir dung PVDF 1am mang loc nudc thi
can thiét phai bién tinh bé mit cua ndé. Mang PVDF phu 16p nano chitosan (CS)
(Boributh et al., “Modification of PVDF membrane by chitosan solution for reducing
protein fouling”, Journal of Membrane Science, 342, 97-104, 2009) hodc graphen oxit-
chitosan (GO-CS) (Mehranbod et al., “Modification and superhydrophilization of
electrospun polyvinylidene fluoride membrane using graphene oxide-chitosan
nanostructure and performance evaluation in oil/water separation”, Journal of
Environmental Chemical Engineering, 9, 106245, 2021) mang lai déc tinh chéng bam
can t6t hon va luu luong cao hon so v6i mang khong bién tinh. CS va GO duoc danh

gia 1a nhiing vat liéu c¢6 kha nang hép phu kim loai t6t nén viéc b sung céc chit hip
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phu nay vao mang PVDF co thé hinh thanh ddng thoi chic ning hép phu va loc ctia
mang (Qalyoubi et al., “Recent progress and challenges of adsorptive membranes for
the removal of pollutants from wastewater. Part II: Environmental applications”, Case
Studies in Chemical and Environmental Engineering, 3, 100102, 2021).

Mot sb nghién ctru gan day da béo cao rang su két hop ctia PVDF voi cac vit ligu
vo co ¢6 thé tao ra mot composit t5t hon dé loai bé cac chit 6 nhiém trong mdi trudng
nudc. Bandara va cong su déd bdo cao tong hop mang composit PVDF-alpha-zirconium
phosphate, két qua cho thay c6 su cai thién déng ké vé tinh chit chéng bdm ban cla
mang, dong thoi c6 kha nang loai bo 93,1% Cu?* khoi dung dich nudc thong qua trao
dbi ion va luc hit tinh dién manh gitra cic hat nano o-ZrP va ion kim loai ning (Bandara
et al., “Use of response surface methodology to develop and optimize the composition
of a chitosan—polyethyleneimine—graphene oxide nanocomposite membrane coating to
more effectively remove Cr (VI) and Cu (II) from water”, ACS applied materials &
interfaces, 11, 17784-17795, 2019). Park va cOng su (Park et al., “Removal of
hexavalent chromium(VI) from wastewater using chitosan-coated iron oxide
nanocomposite membranes”, Toxics, 10, 98, 2022) da sur dung hé théng loc chan khong
d& cb dinh céc hat nano oxit sat phu CS trén mang PVDF. Mang tbng hop di cho thy
khé& ning hp phu cao d6i v6i Cr** ca trong hip phu theo mé va hé théng loc dong chay
lién tuc. Zhang va cong su (Zhang et al., “A high-flux and anti-interference dual-
functional membrane for effective removal of Pb (II) from natural water”, Journal of
hazardous materials, 384, 121492, 2020) d& phat trién mang PmGn@PVDF c¢6 chirc
ning kép, trong d6 GO dugc phan tén vao ma trdn mang va polydopamine (PDA) duogc
ling dong trén bé mit mang. Do ¢6 16p PDA, mang PmGn@PVDF thé hién 4i luc cao
v6i Pb?* bing cach tao phuc voi cac nhém amino trong khi thanh phan GO duy tri dong
chay cao. Nhu vay, viéc b sung chit hip phy vao mang din dén su phat trién ctia mang
hip phu c6 chirc ning kép 1a hp phu va loc mang (Khulbe et al., “Removal of heavy
metals and pollutants by membrane adsorption techniques”, Applied water science, 8,
1-30, 2018). Bong thdi, cdc mang nay khi duogc cAu tao tir hai 16p hogc nhiéu 16p voi su
két hop nhitng wru diém riéng cua timg 16p s€ nang cao dugc hidu suit hdp phu va loc.

Céc cong nghé str dung mang loc dé xtr ly nudc sinh hoat dién hinh hién nay 1a vi
loc (MF), siéu loc (UF), loc mang nano, loc mang thAm thau nguogc (RO). Céac cong

nghé nay lam viéc dua trén co ché loc co hoc, loai bo nhitng thanh phén ¢0 kich thudce
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16n hon kich thuéce 16 ctia mang loc. Mang loc RO c6 thé loai bo hoan toan cac phan tir
nho6 nhung cé nhugc diém 14 tao ra mdt luong 16n nudce thai thi cép va mang dé bi tac
khi xtr ly ngu@)n nudce cung, nuée lg. Trong khi d6, mang MF va UF van c6 thé cho cac
phan tir nho (ion) di qua nén khong thé xir Iy triét dé nude nhiém ion kim loai ning.
Ban chit k§ thuit ciia gidi phap hitu ich

Giai phap hitu ich nhim khéc phyc c4c nhuge diém néu trén clia cic mang loc hién
nay, cu thé 13 giai phap hiru ich dé cap dén quy trinh san xuit mang composit GO-
PVDEF/CS d& loai bé ion kim loai ning trong méi trudng nude. Quy trinh theo giai phap
hitu ich cho phép tao ra mang composit GO-PVDF/CS véi cAu tric hai 16p. Lop tha
nhat 13 16p mang soi nano PVDF chira GO dugc ché tao bing phuong phap quay dién.
Mang GO-PVDF ché tao duoc c6 do xdp va kich thudc mao quéan 16n cho phép dong
chay qua mang cao va tao nén cAu trac 6n dinh cho 16p thi hai. GO duoc sir dung dé
thiét ké bé mat mang nham cai thién tinh wa nudc clia mang, giup mang bam dinh véi
16p thir hai bén chit hon. Hon nita, nhd cic nhom chirc chira oxy trong cAu tric GO, 16p
mang GO-PVDF ciing c6 kha nang hép phu ion kim loai ning. L6p tha hai la 16p mang
CS moéng dugc phu 1én trén bé mit mang GO-PVDF. Lép mang CS gitp tang kha nang
thdm nudc clia mang, ddng thoi chita cac nhom chire hydroxyl va amino dong vai tro 1a
vi trf lién két dé tang cuong kha ning hap phu. Quy trinh theo gidi phap hitu ich cho
phép san xudt mang composit GO-PVDF/CS c6 do bén co hoc tbt, luu lugng dong chay
qua mang cao v ting cudng kha ning loai bo ion kim loai ning theo co ché loc hép
phu.

Theo d6, giai phap hitu ich dé xuét quy trinh san xuit mang composit GO-
PVDF/CS bing phuong phap quay dién, trong d6 quy trinh ndy bao gdm céc bude:

a) tao vat liéu graphen oxit (GO) béng cach tron 1 — 3 g bot graphit v6i 15 — 45 ml
axit H>SO4 98%, hdn hop trén duge dit trong bé lanh & nhiét do nam trong khoang 0 —
5 °C va khudy khoang 30 — 60 phut, sau d6 3 —9 g KMnOa dugc thém tir tir vao hon hop
ddng thoi duy tri nhiét d6 trong khodng 20 —25 °C, hdn hop tiép tuc duge khudy trong
khoang 30 — 120 phut 101 bd sung khoang 100 — 200 ml nuée cét, tiép theo, b6 sung
khoang 3 — 5 ml HoO» 30% vao bing cach nho timg giot va khudy dén khi dung dich
chuyén tir mau den sang mau nau nhat, hdn hop duge loc va rira véi 70 ml HCI 0,1M va
e cht dén khi pH =7, thu duge GO uét, sau d6 sdy kho & nhiét do 80 °C trong 12 gio
dé thu duge bot GO;
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b) chuén bi dung dich GO-PVDF bang c4ch phén tan 0,03 - 0,05 g bot GO trong
8,6 — 9,0 g hdn hop dung mdi N-N dimethyl formamit va axeton véi ty 16 khéi luong
trong khoang 1,0 — 1,5 trong bé rung siéu am 1 gio, sau d6 khoang 1,0 — 1.4 g
polyvinyliden fluorit (PVDF) dugc thém vao dung dich trén va khuéy hén hop dén khi
tan hoan toan & nhiét d trong khoang 45 — 55 °C trong 6 gi0;

¢) tao mang soi GO-PVDF bing phurong phap quay dién béng cach cho hdn hop
duoc déng nhit & bude b) vao trong xi lanh nhya 5 ml ¢6 ndi voi kim phun bang thép
khong gi va didu chinh téc d6 bom dung dich qua dau kim phun trong khoang 0,8 — 1,2
ml/gio, khoang céch tir dAu kim phun t6i tréng quay thu san phém dugc ¢d dinh tir 18 —
22 cm, qua trinh quay dién dugc thuc hién trong khoang 7 — 9 giv tai di€én ap 7 - 10 kV,
mang sgi GO-PVDF da ché tao dugc cit thanh hinh tron dudng kinh 9 cm;

d) chuin bi dung dich chitosan (CS) bing cach hoa tan hoan toan 1,2 — 1,8 g CS
trong 50 ml dung dich axit axetic 2 % khéi luong, sau d6 dé léng trong 5 gid dé loai bod
hoan toan bot khi;

e) tao mang composite GO-PVDF/CS bang cach dat mang GO-PVDF da chuén bi
& bude ¢) vao phéu loc bing st ¢6 dudng kinh 9 cm trong hé théng bom hit chan khong,
d6 dung dich CS da chuén bi & bude d) vao phéu roi bat bom chan khong dé ap suét dat
dén 18 — 22 kPa rdi tit, dung dich CS chay tir tir qua mang GO-PVDF dén hét va duoc
dé kho ty nhién qua 1 dém, mang thu dugc sau d6 duoc xur ly boi NaOH 0,1M trong
ethanol 50% trong khoang 20 — 40 phut, tiép tuc mang dugc rira bang nudc cit dén khi
datpH=7, cudi cting mang duge dem di sdy kho & nhiét do nam trong khoang 58 — 62
°C trong 4 gi¢ thu dugc mang composit GO-PVDF/CS bn dinh.

Giai phap hitu ich cling d& cap dén dac tinh va kha ning hap phu loai bé ion Mn**
ciia mang composit GO-PVDEF/CS thu dugc tir quy trinh theo giai phap hitu ich, trong
d6 thanh phin CS va GO c6 thé twong tac v6i nhau thong qua lién két cong hoa tri, lién
két hydro hodc twong tac tinh dién do ¢6 nhidu nhém chitc nén CS c6 thé bam chat vao
b mit sgi GO-PVDF. Hon nita, quy trinh trén gitip CS khéng chi c6 trén bé mit clia
mang composit ma con ¢6 trong cac mao quan ctia 16p soi GO-PVDF quay dién.

M5 ta vin tit hinh vé

Hinh 1 1a anh hién vi dién t& quét (SEM) (a) va anh hién vi dién tir truyén qua
(TEM) (b) ctia mang soi GO-PVDF quay dién, anh SEM mat cit ngang clia mang
composit GO-PVDF/CS (c), anh SEM ctia mang composit GO-PVDF/CS trudc va sau
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khi loc (d, €), anh chup (f) cia mang GO-PVDF/CS tao ra bing quy trinh theo giai phap
hitu ich.

Hinh 2 13 phd raman ctia mang sgi GO-PVDF quay dién (a), mang composit GO-
PVDF/CS truéc khi loc (b), mang soi PVDF quay dién (c) va mang composit GO-
PVDF/CS sau khi loc (d).

Hinh 3 13 gidn d géc tiép xtic v6i nude (a), dd day va do hap phu butanol (b) cia
mang PVDF, GO-PVDF quay dién va mang composit GO-PVDF/CS tao ra bang quy
trinh theo giai phap httu ich.

Hinh 4 13 gian dd thé hién kha ning hép phu Mn?* thay dbi theo pH (a) va ndng dd
dung dich Mn?* (b) ciia mang composit GO-PVDF/CS tao ra bing quy trinh theo giai
phép hitu ich.

Hinh 5 12 gian dd thé hién kha ning hip phy Mn?" sau 3 chu ki t4i sinh (a) va kha
nang hip phu Mn?* ctia mau nuéce ngim thuc sau 2 14n loc (b) ctia mang composit GO-
PVDF/CS tao ra bing quy trinh theo giai phap hiru ich.

MO ta chi tiét giai phap hiru ich

Sau day, giai phap hitu ich dugc md ta chi tiét v6i cac phuong 4n va céc vi du thuc
hién cu thé, tuy nhién, nhfxng phuong an va cac vi du nay chi nhim muc dich minh hoa
va lam 13 ban chit cta giai phap hitu ich chit khong nhdm han ché pham vi yéu cu bao
hd cua giai phap hiru ich.

Giai phép hitu ich nhim san xut mang composit GO-PVDF/CS bang phuong phép
quay dién véi cdu tao hai 16p c6 do bén co hoc tdt, luu lugng dong chay qua mang cao
va ting cuong kha ning loai bo ion kim loai néng theo co ché loc hép phu.

Theo d6, giai phép hiru ich d& xudt quy trinh san xudt mang composit GO-
PVDF/CS tng dung loai bé ion kim loai ning trong méi truong nude, trong d6 quy trinh
nay bao gém céc bude: a) tao vat liéu graphen oxit (GO); b) chuén bi dung dich GO-
PVDF; c) tao mang s¢oi GO-PVDF bing phuong phap quay dién; d) chuén bi dung dich
CS; e) thu mang composit GO-PVDEF/CS.

Ban chét cta phuong phép san xudt mang composit GO-PVDF/CS theo giai phap
hitu ich 13 ché tao mang soi GO-PVDF bing phuong phép quay dién sau d6 tao 16p
mang CS trén nén mang s¢i GO-PVDF bang phuong phép loc hut chan khong. Viéc nay
cho phép hai 16p mang lién két duogc chit chd véi nhau, cai thién dugc kha ning thdm

uét cling nhu tang céc vi tri tim hép phu cho mang, ddng thoi vAn dam bao luu lugng
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dong qua mang 16n, phi hop 1a vat liéu mang loc 1am viéc theo ca hai co ché 1a loc co
hoc va hip phu.

Trong budc téng hop GO tir graphit, 15 — 45 ml H>SO4 déc dugce thém vao binh
cAu thity tinh dung sin 1 — 3 g graphit d& hinh thanh hop chét trung gian axit sulfuric-
graphit. Qua trinh oxi héa dugc thye hién trong diéu kién khqu tron lién tuc trong thoi
gian 30 — 60 phut ¢ nhiét do trong khoang 0 — 5 °C dé thuén lgi cho phan Umg xay ra.
Sau d6, 3 — 9 g KMnO4 dugc thém tir tir vao hdn hop ddng thoi duy tri nhiét do trong
khoang 20 — 25 °C, tiép tuc khudy trong khoang 30 — 120 phut r0i bd sung khoang 100
— 200 ml nudc cit. Tiép theo, 3 — 5 ml H202 30% duoc bd sung vao hdn hop bang cach
nhé ting giot va khudy dén khi dung dich chuyén tir mau den sang mau nau nhat, sau
d6 hén hop duge loc va rira véi 70 ml HCI 0,1M va nude cAt dén khi pH = 7, thu duge
GO uét. GO uét duge siy khd & nhiét do 80 °C trong 12 gio va nghién bing cbi ma ndo
d thu duge bot GO.

Trong budc tao mang s¢i nano GO-PVDF bang phwong phap quay dién, lo thuy
tinh chira 0,03 — 0,05 g bot GO trong 8,6 — 9.0 g hdn hop dung mo6i N-N dimethyl
formamit va axeton v6i ty 18 khdi lugng trong khoang 1,0 — 1,5 duoc dit trong bé rung
siéu 4m 1 gior & GO phan tan déu trong dung dich. Sau d6 1,0 — 1,4 g PVDF dugc thém
vao dung dich trén va hdn hop duoc khudy dén khi tan hoan toan ¢ nhiét d¢ trong khoang
45 — 55 °C trong 6 gid, thu dugc dung dich GO-PVDF ddng nhét trong sudt. Hon hop
sau d6 dugc dé nguoi va dua vao trong xi lanh 5 ml c6 néi voi kim phun bing thép
khong gi. Qué trinh quay dién dugc thuc hién trong khoang thoi gian 7 — 9 gio tai dién
ap 7—10kV voi téc do bom dung dich qua ddu kim phun trong khoang 0,8 — 1,2 ml/gio
va khoang cach tir ddu kim phun t6i trdng quay thu san pham trong khoang 18 —22 cm.
Mang s¢i nano GO-PVDF d& ché tao dugc cit thanh hinh tron dudng kinh 9 cm.

Trong budc tao mang composit GO-PVDEF/CS, dung dich chitosan (CS) duoc
chuén bi bing cach hoa tan hoan toan 1,2 — 1,8 g CS trong 50 ml axit axetic 2 % khéi
luong, sau d6 dé ling trong 5 gidr dé loai bd hoan toan bot khi. Mang GO-PVDF hinh
tron duong kinh 9 cm dugc dat vao phéu st (duong kinh 9 cm) trong he théng bom hut
chin khong, sau do db dung dich CS da chuén bi vao phéu roi bat bom chan khong dé
ap suét dat dén 18 — 22 kPa thi tit. Khi d6, dung dich CS s& chay tir tir qua mang GO-
PVDF dén hét va duoc dé kho tu nhién qua 1 dém. Mang composit thu duoc sau do
duoc xtt Iy boi NaOH 0,1M trong ethanol 50 % trong khoang 20 — 40 phut va tiép tuc
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duge rira bing nude cit dén khi dat pH = 7. Cubi cing mang nay dugc dem di sdy kho
& nhiét do ndm trong khoang 58 — 62 °C trong 4 gio thu dugc mang composit GO-
PVDF/CS 6n dinh.

Vi du thwe hién gidi phap hiru ich

Vi du 1. Sin xudt miang composit GO-PVDF/CS

1 g bot graphit duoc tron voi 15 ml HaSO4 98% trong binh cau dit trong bé lanh.
Hbn hop duge khudy 30 phut trong bé lanh & 2 °C. Tiép theo, 3,15 g KMnO4 dugc thém
fir tir vao hé huyén ph ddng thoi duy tri nhiét do ludn én dinh & 23 °C. Sau d6 hon hop
tiép tuc dugc khudy trong 1 gid va 110 ml nude cAt dugc thém vao tir tr. Sau thoi gian
trén, 3.5 ml Hx02 30% duge thém vao bing cich nhé timg giot va khudy dén khi hon
hop chuyén tir mau den sang mau nau nhat. Cudi cung, hdn hop duge loc va rira véi 70
ml HIC1 0,1M va nude cit dén pH = 7. Graphen oxit (GO) dugc sdy kho & 80°C trong
12 gio va duge nghién bing cdi mi néo dé thu duoc bt GO.

Can 0,04 g bot GO vao lo thuy tinh c6 chtra 8,8 g hdn hop dung méi N-N dimethyl
formamit va axeton vdi tj 1€ khéi luong 60/40 rdi dat trong bé rung siéu dm 1 gio. Tiép
fuc thém 1,2 g polyvinyliden fluorit (PVDF) vao dung dich trén va khudy hén hop dén
khi tan hoan toan & nhiét do 50 °C trong 6 gid. Hon hop GO-PVDF sau khi dé nguéi dén
nhiét 6 phong duogc dua vao trong xi lanh 5 ml ¢6 néi v6i kim phun bang thép khong
gi dé thuc hién qud trinh quay dién tao mang soi nano GO-PVDF. Qua trinh quay dién
duoc thuc hién trong 8 gidr tai dién ap 8 kV voi tdc d6 bom 1,0 ml/gid va khoang cich
tir dAu kim t6i bd thu san pham dugc ¢b dinh 1a 20 cm. Mang soi nano GO-PVDF da
ché tao dugc cét thanh hinh tron dudng kinh 9 cm.

Hoa tan hoan toan 1,5 g chitosan (CS) trong 50 ml axit axetic 2 % khéi luong. Sau
d6 dung dich dugc dé ling trong 5 gid dé loai bo hoan toan bot khi. Mang soi GO-PVDF
duoc c4t thanh hinh tron dudng kinh 9 cm duoc dit vira khit vao phéu sir trong hé thong
bom hut chan khong, sau d6 dé dung dich CS di chuin bi vao phéu roi bat bom chan
khong d& ap suét dat dén 20 kPa thi tat. Dung dich CS s€ chay tir tir qua mang GO-
PVDF dén hét va dugc dé kho tur nhién qua 1 dém. Mang thu dugc sau d6 dugc xu ly
béi NaOH 0,1M trong ethanol 50% trong 30 phut va tiép tuc duogc rira bing nudc cht
dén khi dat pH = 7. Cubi ciing mang dugc dem di sdy kho & nhiét d6 60 °C trong 4 gid
thu duge mang composit GO-PVDF/CS 6n dinh.

Vi du 2. Xdc dinh dgc tinh mang composit GO-PVDEF/CS thu dwoc
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Dé x4c dinh hinh thai cia mang composit GO-PVDF/CS, tién hanh chup anh hién
vi dién tir quét (SEM) va hién vi dién ti truyén qua (TEM) v6i cAc mAu mang composit
GO-PVDF va GO/PVDF/CS thu dugc tir quy trinh theo Vi du 1. Két qua trén Hinh la
va 1b cho thdy cac soi GO-PVDF quay dién c6 kich thudc déng déu v6i bé mit soi gd
ghé va xuét hién cac tim GO trén bé mit soi. Piéu nay co thé gitip cai thién kha ning
thAm w6t nude ciing nhu hap phu ion kim loai clia mang composit. Anh SEM mit cit
ngang ctia mang composit GO-PVDF/CS ¢ Hinh 1c cho sy bam dinh tuyét voi gitta 16p
trén cung CS va 16p GO-PVDF quay dién, mdt phan CS dugc luu gift bén trong mao
quén ctia mang GO-PVDF véi mét d6 giam dan tir bé mit pht dén mit con lai ctia mang
composit. Didu nay xay ra do sy hinh thanh lién két hydro hoic tuong téc tinh dién gitta
c4c nhém chie cia GO va CS. Ngoai ra, ¢6 thé quan sat thiy cac vét soi PVDF xuit
hién trén bé mit mang CS (hinh 1d) chimg té chiéu day 16p mang CS khong qué 16n.
Mang composit GO-PVDEF/CS sau khi loc dung dich ion Mn?* ¢6 chiéu day 16p CS giam
c¢6 thé do hién trong x6i mon trong qua trinh loc. |

Pé x4c dinh sy c6 mit ctia thanh phﬁn GO ¢6 trong mang composit GO-PVDF va
GO-PVDF/CS, tién hanh phan tich quang ph6 raman cho cdc mang composit thu duoc
tr quy trinh theo Vidu 1. Cu thé, Hinh 2 1a phé raman cuia mang s¢oi PVDF, GO-PVDF
quay dién, mang composit GO-PVDF/CS trudc va sau khi loc. Phé Raman cia mang
soi GO-PVDF (Hinh 2c¢) xuét hién hai dai hap thy tai 1312 cm™ va 1594 cm™ tuong tGng
dic trung cho dai D va G ctia GO. Hinh 2b cho thdy cuong do ctia cac dai D va G trong
ph6 raman cia mang composit GO-PVDF/CS bi giam déng ké so v6i mang soi GO-
PVDF. Hon nita, dinh cta hai dai ny tré nén rong hon va nhidu hon, cung cip bang
chimg v& sy tuong tac manh mé& gitra GO va CS. Két qua 1a cac phan tir CS bao phu
hoan toan mang sgi GO-PVDF, din dén 1am gidm tin hiéu tn xa raman. Sau qua trinh
loc, cac dai D va G ciia mang composit GO-PVDF/CS & Hinh 2d van xuét hién véi dinh
rong nhung cuong do cao hon, nguyén nhén 1a do sy &n mon cua 16p CS nhu da quan
thiy & anh SEM.

Pé xé4c dinh goc tiép xuc voi nude, d6 day va do hap phu butanol clia mang
composit, 1an luot st dung camera Samsung (Han Quédc), dung cu do d6 day k¥ thuat s6
Mitutoyo (Nhat Ban) va phuong phap hdp phu n-butanol bang mang composit thu dugc
ﬁr quy trinh theo Vidu 1. Cu thé, Hinh 3 1a két qua do goc tiép xuac véi nude, do day va
d6 héap phu butanol ctia mang PVDF, GO-PVDF quay dién va mang composit GO-
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PVDF/CS. Hinh 3a cho thdy tinh ura nuéc ctia mang PVDF quay dién da duoc cai thién
dang ké nho thém thanh phan GO vao soi PVDF quay dién va phu 16p polime CS ua
nuée trén bé mit mang GO-PVDF quay dién. Mang PVDF quay di€n ¢6 goc tiép xuc
v&i nude 13 134,10, thé hién tinh chét ki nude cao ciia PVDF. Khi bd sung GO, géc tiép
xtic v&i nude cia mang GO-PVDF giam xudng con 127,5° do ¢6 thém GO ua nuée trén
bé mit soi PVDF. Tinh va nu6e cua mang duogc cdi thién déang ké khi phu CS, véi gia
tri goc tiép xtc 1a dudi 65° d6i v6i mang composit GO-PVDF/CS. Bén canh d6, Hinh
3b ciing cho thiy d¢ day va do hép phu butanol ctia mang ting khi bb sung thém cic
thanh phﬁn GO va CS. Viéc bd sung GO dan dén ting nhe sur hép phu butanol ctia mang
GO-PVDF quay dién (89,3%) so v6i mang PVDF quay dién (73,3%). Trong khi do, su
hp phu butanol ting dang ké (300%) sau khi pht 16p CS. Két qua ndy lién quan dén su
cai thién tinh va nude cia mang nhu duge xac nhan bang phép do goc tiép xtic voi nudc.
Vi dy 3. Thiét lip mo hinh hap phu ion Mn?*

Thuyc hién pha dung dich Mn?* ¢ néng do 100 mg/L tir MnSO4.4H,0 vao binh
dinh murc chira 1000 ml nuée cAt. Sau d6 pha lodng dé thu duoc dung dich Mn?* ¢6 néng
d6 mong mudn tr 2 dén 6 mg /L. D6 pH cua dich dich Mn2* duoc diéu chinh béng dich
dich H2SO4 20%. Dit mang composit GO-PVDEF/CS vira khit phéu loc Buchner, d6 100
ml dung dich Mn?* d4 xéc dinh ndng do vao phéu loc rdi bat bom chan khong dé dat ap
suit chan khong 1a 10 kPa. Dung dich lién tuc chdy qua mang xudng binh va két thic
sau 1 gio, tuong duong luu luong dong chay 1a 157,3 1/(m?.h.bar). Dich loc dugc thu lai
va tudn hoan qua mang loc thém bén 14n nita trude khi duge dem di kiém tra ndng d6
Mn2*. Ndng &) ctia dung dich Mn?* trude va sau khi loc bang mang GO-PVDF/CS dugce
xac dinh bing phép do khdi phd plasma két hop cam tmg (ICP/MS).

Két qua thir nghiém khé ning loc hip phy ion Mn?* dugc thé hién trén Hinh 4 va
Hinh 5. Cu thé, Hinh 4 13 dd thi thé hién kha ning loc hip phu ion Mn** ctia mang
composit GO-PVDF/CS thu dugc tir quy trinh theo Vi du 1 theo anh hudng cta pH
(Hinh 4a) va theo ndng d6 ctia dung dich Mn** (Hinh 4b). Hiéu suét loai bé Mn?* cia
mang loc dugc tinh bing ti 18 phé.n tram cia lugng Mn?* bi hép phu boéi mang véi lugng
Mn2* ban ddu c¢6 trong dung dich. Hiéu sut loai bd Mn?" ting khi pH tang tlr 4 1én 6 va
loai bd duge 90,7% Mn?* trong nudc tai pH bang 6. Kha ning loai bé Mn*" clia mang
thip & gid tri pH thap 1a do sw hién dién cta nhiéu ion hydronium (H30") gan bé mat
chét hip phuy, canh tranh véi cac ion Mn?* tich dién duong & vi tri hép phu. Hon nita,
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cac nhom amin cta CS bi proton héa & do pH thép, tao ra luc ddy tinh dién v6i cac ion
Mn2* tich dién duong va lam giam céc phdi tir tao phirc véi Mn**. Bén canh do, hiéu
suit loai b6 Mn?" cia mang composit GO-PVDF/CS ting nhe khi ndng d6 Mn?* ting
1én dén 3,0 mg/L va sau d6 quan sat thay xu huéng nguoc lai khi ndng d6 Mn>" tiép tuc
ting (Hinh 4b). Nong d6 Mn?* ban diu cao tao ra dong lyc ting cudng su truyén khéi
gitta dung dich Mn** va bé mit chét hip phu. Tuy nhién, bé mit chit hép phu cé cac tam
hoat dong kha dung han ché, chiing s& lién két v6i mot lugng Mn?* nhét dinh dé dat dén
trang thai bdo hoa. Do do, cac ion Mn?* tu do con lai trong dung dich nhiéu hon khi
ndng d ban dau tang 1én din dén higu suét loai bo co gi tri thap.

Hinh 5 13 @3 thi thé hién kha ning hap phu Mn?" sau 3 chu ki téi sinh va kha néng
loai bd Mn?" trong mAu nudc ngim thyc sau 2 14n loc ctia mang composit GO-PVDE/CS.
Két qua Hinh 5a cho thiy hiéu suat loai bo Mn*" cia mang GO-PVDF/CS giam dén sau
hai chu ky t4i sinh dAu tién va sau d6 én dinh & chu ky tiép theo, dat hiéu suat loai bo
Mn2* khoang 65%. Diéu nay c6 thé 1a do qué trinh gidi hap Mn?* trén mang composit
¢6 thé khong xay ra hoan toan, din dén tim hip phu hoat dong c6 it hon cho chu ky hap
phu tiép theo. Hiéu suét loai bd Mn?* trong mau nude ngdm thuc té clia mang GO-
PVDEF/CS duoc 14y tir giéng tai huyén Chuong M, thanh phd Ha N¢i, Viét Nam duge
thé hién trong Hinh 5b. Két qua, ndng d6 Mn>* trong miu nudc thyc giam dang ke tir
5,72 mg/l xubng con 1,07 mg/l va 0,38 mg/l, twong tmg véi hiéu sudt loai bo Mn* lan
luot 12 81,3 % va 64,5 % sau hai qua trinh loc. Hi¢u qua loc ddi v&i mau nudce thue chira
Mn?* thp hon so v6i dung dich chuén Mn?* ¢6 cing ndng do, c6 thé 1a do su canh tranh
hép phu cua céc ion cung tdn tai phd bién trong nude ngam & Viét Nam nhu Fe** va
Fe**.

San phim mang composit GO-PVDF/CS ché tao bing quy trinh theo giai phap
hitu ich ¢6 kha ning hap phu trong mot pham vi rong ctia pH va ndng d dung dich
Mn2*. Quy trinh loc hip phu bang mang composit GO-PVDF/CS don gian, tao didu kién
thuan loi dé ung dung vao thyuc té.

Hiéu qua dat dwoc ciia gidi phap hiru ich
Quy trinh san xu4t mang composit GO-PVDF/CS theo giai phap hiru ich cho phép
tao ra mang composit GO-PVDF/CS d cai thién tinh ua nude, luu lugng dong chay qua

mang cao va ting cudng kha ning loai b ion kim loai nang theo co ché loc hép phu.
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Quy trinh theo giai phép hitu ich don gian, d& thuc hién. Bing k¥ thuat quay dién
va k¥ thuat tao 16p pht hd tro bang loc hit chan khong, quy trinh cho phép 16p soi GO-
PVDF v 16p CS duoe lién két chit ché v6i nhau, 16p CS phii hoan toan trén bé mit soi
GO-PVDF. Mang composit ¢o cAu tao hai 16p gitip mang c6 nhiéu tdm hip phu hon
nh3m ting cudng kha ning hép phu chit 6 nhiém. Mang composit GO-PVDF/CS dong
du v& hinh thai va tinh chit héa 1y bé mat, giup mang loc hap phu dé loai bo cac ion
kim loai niing trong moi trudng nudce véi quy trinh thue hién don gian.

Quy trinh theo giai phap hitu ich cho phép tan dung cac ngudn nguyén liéu co sin
trong tu nhién, tiét kiém chi phi san xudt, gop phén giai quyét nhu ciu nude sach cho

con nguoi.
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YEU CAU BAO HQ

1. Quy trinh san xuit mang composit GO-PVDF/CS tng dung loai bd ion kim
loai ning trong moi trudong nude, trong d6 quy trinh ndy bao gdm céc budc:

a) tao vat liéu graphen oxit (GO) bing cach tron 1 — 3 g bot graphit voi 15 — 45
ml axit H2SO4 98%, hon hop trén dugce dit trong bé lanh & nhiét do ndm trong khoang
0 — 5 °C va khudy khoang 30 — 60 phut, sau d6 3 — 9 g KMnO4 dugc thém tir tir vao hdn
hop ddng thoi duy tri nhiét d6 trong khoang 20 — 25 °C, hén hop tiép tuc duoc khuay
trong khoang 30 — 120 phit rdi bb sung khoang 100 - 200 ml nudc cét, tiép theo, bd
sung khoang 3 — 5 ml H2O2 30% vao bing cach nhé timg giot va khudy dén khi dung
dich chuyén tr mau den sang mau niu nhat, hdn hop dugc loc va rira vai 70 ml HCI
0,1M va nudc cit dén khi pH = 7, thu duoc GO uét, sau d6 say kho ¢ nhiét 46 80 °C
trong 12 gidr dé thu dugc bt GO;

b) chuan bi dung dich GO-PVDF béng céch phan tan 0,03 — 0,05 g bot GO trong
8,6 — 9,0 g hdn hop dung mdi N-N dimethyl formamit va axeton vdi ty 16 khoi lwong
trong khoang 1,0 — 1,5 trong bé rung siéu am 1 gid, sau d6 khoang 1,0 — 1.4 ¢
polyvinyliden fluorit (PVDF) duoc thém vao dung dich trén va khudy hén hop dén khi
tan hoan toan & nhiét do trong khoang 45 — 55 °C trong 6 gio;

¢) tao mang s¢i GO-PVDF bang phuong phép quay dién béng cach cho hdn hop
duoc ddng nhit & bude b) vao trong xi lanh nhya 5 ml cé ndi véi kim phun bang thép
khong gi va didu chinh tdc d6 bom dung dich qua d4u kim phun trong khoang 0,8 — 1,2
ml/gio, khoang cach tir dAu kim phun t6i tréng quay thu san phédm dugc cb dinh tir 18 —
22 c¢m, qua trinh quay dién dugc thuc hién trong khoang 7 -9 gio tai dién ap 7—10kV,
mang s¢i GO-PVDF da ché tao duoc cit thanh hinh tron duong kinh 9 cm;

d) chuin bi dung dich chitosan (CS) bang céch hoa tan hoan toan 1,2 — 1,8 g CS
trong 50 ml dung dich axit axetic 2 % khéi lugng, sau d6 dé lang trong 5 gio dé loai bo
hoan toan bot khi;

e) tao mang composite GO-PVDF/CS bing cach dit mang GO-PVDF da chuin
bi & bude ¢) vao phdu loc bing st ¢6 dudong kinh 9 cm trong hé théng bom hit chan
khong, dé dung dich CS da chuén bi & buée d) vao phéu rdi bat bom chan khong dé ap
suat dat dén 18 — 22 kPa rdi tit, dung dich CS chay tir tir qua mang GO-PVDF dén hét
va duoc dé kho ty nhién qua 1 dém, mang thu dugc sau d6 duoc xtt ly boi NaOH 0,1M
trong ethanol 50% trong khoing 20 — 40 phut, tiép tuc mang dugc ria bing nudc cat
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dén khi dat pH =17, cudi cting mang dugc dem di séy kho & nhiét d6 nim trong khoang

58 — 62 °C trong 4 git thu duge mang composit GO-PVDF/CS 6n dinh.
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