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MO PAU
1. Ly do chon dé tai

Ngay nay, moi trrdng noi chung va moi truong nudc noi riéng ngay cang bi 6
nhiém bai cac kim loai nang, nhitng kim loai nay nguén géc cha yéu tir cong nghiép
va giao thong van tai. Van dé 6 nhiém mai truong nude ndy s& gay ra nguy hiém truc
tiép toi doi séng va st khoe cua con ngudi, anh hudng dén ca dong thuc vat trén dia
cau. Mot trong nhiing chat gay 6 nhidm gay nguy hiém cho stc khoe con ngudi ngay
ca & nong do thap 1a kim loai nang. Mangan (Mn) duoc coi la kim loai ph bién thi
niam va c6 thé duoc tim thay tu nhién ¢ nhiéu ngudén nudc mat va nudc ngam. Mic
di Mn la nguyén t6 thiét yéu can thiét cho céc chirc nang trao doi chat va sinh ly trong
co thé con nguoi, nhung viéc tiép xdc nhiéu 1an va 1au dai véi Mn c6 thé gay ra nguy
co vé sic khoe. C6 bao cdo rang tré em va ngudi 16n udng nude c¢6 ham luong Mn
cao (240-350 g/L) trong thoi gian dai s& dan dén suy giam chic ning tri tué, bao gom
giam tri nhé va sy cha ¥, cling nhu cac k¥ nang van dong. Mot tiéu chuan nhit dinh
vé ndng do Mn cho phép trong nudc udng duge quy dinh tly theo qudc gia, tuy nhién
khéng vuot qua muc théng bao 1a 0,5 mg/l. Tinh trang 6 nhiém Mn trong nudc ngam
dién ra ¢ nhiéu qudc gia trén thé gigi, dac biét d6i voi cac nudc nam trong khu vuc
d6ng bang song Mé-kdng, c6 thé gay anh huong Ion dén sirc khoe caa ngudi dan séng
& day. Tuy nhién, cac nghién cttu Xt Iy ngudn nuéc 6 nhiém Mn?* van chua dugc
quan tdm nghién ctru nhiéu ¢ Viét Nam va trén thé gisi.

Hién nay c6 rat nhiéu phuong phap xir Iy ngudn nuéc nhiém kim loai nhu
phuong phéap st dung mang loc, dién hoa, két tua, hap phu, trao dbi ion, sinh hoc,
v.v...Tuy nhién hiéu qua loai bo cua tirng phuong phéap s& con phu thudc vao nong
d6 kim loai ning trong nudc can xir Iy. Trong d6, cong nghé xir Iy 1am sach nude
bang mang loc dang thu hat dwoc nhiéu sy quan tdm nghién ctu va tng dung, do né
cho phép xu ly véi do chon loc, hiéu qua phan tach, tinh 6n dinh cao va cé kha ning
&p dung cho nhiéu mé hinh khac nhau. Hon nita, cdng nghé sir dung mang loc con

cho phép loai bo cac loai vi sinh vat, tap chat hiru co ma khong tao ra san pham phu



c6 hai. Cac cong nghé st dung mang loc dién hinh hién nay 1a vi loc (MF), siéu loc
(UF), loc mang nano (NF), loc mang tham thau nguoc (RO). Cac cong nghé nay lam
viéc dya trén co ché loc co hoc, loai bo nhitng thanh phan c6 kich thuéc 16n hon kich
thudce 16 trén mang loc. Mang loc RO c6 thé loai bo hoan toan cac phan tir nhé nhung
c6 nhuoc diém 12 tao ra mot lwong 16n nudce thai thi cip va mang dé bi tic khi xt ly
ngudn nudc cing, nuéc lg. Trong khi d6, mang MF, UF van c6 thé cho cac phan tir

I6n (ion) di qua nén khong thé xir ly triét & nuéc nhiém ion kim loai nang.

Dé tai tién hanh nghién ciu ché tao mot loai vat liéu mang loc hap phu méi trén
co so két hop cua ba thanh phan 1a polyvinylidene fluoride (PVDF), graphene oxide
(GO) va chitosan (CS). Mang soi PVDF chira thanh phan GO dugc ché tao bang
phuong phép electrospinning véi nhitng cai tién dé lam tang sy ¢6 mat cua GO trén
bé mit soi PVDF, tir d6 ting kha nang hap phu cac ion kim loai nang. Tinh wa nudc
ctia mang soi PVDF/GO duoc cai thién, tao thuan loi cho viéc két dinh véi 16p mang
CS phia trén, dam bao d6 on dinh khi st dung 1am mang loc. Mang loc hai 16p
PVDF/GO/CS dugc ché tao 1am viéc theo co ché loc co hoc va loc hap phu. Hai thanh
phan GO va CS trong mang loc c6 vai trd hap phu céc ion kim loai ning do sy hinh
thanh phuc chelate giita cac nhdm chuc véi ion kim loai nang (loc theo co ché hap
phu). Bdng thoi dé tai 4p dung mot ki thuat con kha moi mé o Viét Nam (phuong
phap electrospinning) véi nhimg uu thé noi troi dé ché tao ra vat liéu méi (mang loc

hap phu), mo ra mot huéng tiép can khéac trong nghién ctru khoa hoc & Viét Nam.
2. Muc tiéu nghién ctru
Muc tiéu chung:

> Nghién ctau ché tao mang loc PVDF/GO/CS bang phuong phap

electrospinning va d4nh gia kha nang hap phu ion kim loai ning trong nuréc ciia mang.
Muc tiéu cu thé:

> Ché tao mang soi PVDF/GO bang phuong phap electrospinning va tao 16p
CS trén nén mang soi PVDF/GO bang 2 phuong phap:



- Tao 16p hat nano CS trén nén mang soi PVDF/GO bang phuong phéap
electrospinning. Nghién cau cac thdng s6 anh huong dén qué trinh tao hat nano CS,
bao gom ndng d6 dung dich, ti 1¢ dung moi, dién ap va téc do bom.

- Tao 16p CS trén nén mang soi PVDF/GO bang phwong phap phi mang.
Nghién ciru cac théng sb anh huong dén 16p mang CS, bao gom nong do dung dich
va thé tich dung dich sir dung.

» Phan tich cac dac trung hinh thai, hoa 1y ctia mang da 16p PVDF/GO/CS.

> Panh gia kha ning loc hap phu cia mang da I6p PVDF/GO/CS ddi véi ion
kim loai nang, cu thé 1a ion mangan (Mn%*).

3. Péi twong va pham vi nghién clru cia dé tai

e Dbi tugng nghién ctru cua dé tai:

- Mang vat liéu da I6p ché tao tir cac thanh phan PVDF, GO, CS c¢6 cau trlc
hinh thai, tinh chat hoa Iy pha hop va kha nang hap phu ion kim loai nang (Mn2*) cao.

e Pham vi nghién ctru cua dé tai:

- Nghién cau quy trinh ché tao mang loc hai 16p: (1) 16p mang sgi PVDF/GO;
(2) 16p phu CS trén mang sgi PVDF/GO.

- Danh gia cau trdc hinh thai, tinh chat hda ly cua mang.

- Khao sat c4c yéu t6 c6 anh huong dén kha niang hap phu ion kim loai nang
cuia mang PVDF/GO/CS: phuong phap ché tao 16p CS, d6 pH cua dung dich, nong
d6 dung dich hap phu va nong do CS st dung va thoi gian hap phu.

4. Phuwong phap nghién ciru

- Sir dung phuong phép electrospinning két hgp phuong phap phu mang dé
ché tao mang soi da 16p PVDF/GOICS.

- Nghién cau hinh thai bé mat mang da 16p bang phuong phap hién vi dién
tir quét (Scanning Electron microscopy — SEM).

- Phan tich cau trtc hoa hoc cua vat liéu bang phuong phap Raman.

- Xac dinh cac tinh chat hoa ly cua vat liéu: d6 bén nhiét bang phuong phap
phan tich nhiét trong lugng TGA, d6 thim wét bang phuong phap hap thu butanol va

goc tiép xdc véi nudc.



- X4c dinh ndéng dd ion kim loai niang trong nudc bang phuong phap phd cam
rng khdi phé plasma (ICP/MS).

5. Y nghia ¢é khoa hoc thuc tién cia dé tai

Viéc thiét ké vé cau trc, thanh phan va phuong phap ché tao mang da 16p
PVDF/GO/CS hoat dong trén nguyén tic hip phu dé loai bo ion kim loai ning c6

nhitng diém méi, dem lai y nghia khoa hoc, thiét thuc nhu sau:

Tha nhat, vat liéu ché tao mang loc hap phu méi trén co sé két hop cua ba thanh
phan 1a PVDF, GO va CS. Trong d6 CS la thanh phan c6 thé thu duoc tir qua trinh
xt ly phé pham cua nghanh cong nghiép thuy san c6 ngudn goc tir vo caa céc loai
giap xac nhu tom, cua. Nhu vay, dé tai hudng téi viéc tan dung ngudn nguyén lidu
doi dao trong ty nhién dé bién tinh tinh chat cia mang loc ¢ng dung trong xir Iy moi

truong.

Tha hai, mang loc hai l6p PVDFE/GO/CS dugc ché tao trong nghién ciu nay
lam viéc theo co ché loc co hoc va loc hap phu. Trong d6, 16p thi nhat 1a 16p
PVDF/GO c6 d6 xop én gitp luu lwong dong chay qua mang nano 16n hon, 16p mang
nay ciing c6 kha ning hap phu ion kim loai ning bai thanh phan GO. Lép thir hai 1a
I6p mang mong CS ¢6 vai tro chéng tic cho mang, déng thoi day ciing 1a 16p mang
c6 kha niang hap phu ion kim loai tét. Do d6 mang PVDF/GO/CS tao thanh c6 thé

giai quyét duoc cac nhuge diém von c6 cia mang loc thong thuong.

Thi ba, dé tai nay 4p dung mot ki thuat con kha méi & Viét Nam (phuong phép
electrospinning) dé ché tao ra vat liéu méi (mang loc hap phu), mé ra mot hudng tiép
can khac trong nghién ciu khoa hoc & Viét Nam. Uu diém cia phuong phap
electrospinning chinh 1a tao mang véi cau tric mao quan dong nhét, cd su két ndi
giita cAc mao quan, dién tich bé mat riéng 16n va dé dang bién tinh tinh chat bé mat
d3 giup cho mang soi nay tro thanh vat liéu tiém niang dé loai bo cac tap chat hitu co

va ion kim loai doc khoi dung dich nudc.



6. Cau truc caa luin vin

Luan vin gdm c6 3 chuong:

Chuong 1: Téng quan

Chuong 2: Phuong phap, k¥ thuat nghién ctu

Chuong 3: Két qua va thao luan



CHUONG 1: TONG QUAN
1.1 Tinh hinh 6 nhiém va phwong phap xir ly 6 nhiém kim loai ning trong nuwéc

Xuat phat tir su phét trién kinh té va gia ting dan sé khién cho méi trueong néi
chung va nguon nuéc noi riéng s& ngay cang bi 6 nhiém. Trong dé, nguyén nhan
chinh caa sy 6 nhidm nay gay ra bai cac kim loai nang ¢ nguon gdc tir cdng nghiép
va giao théng van tai. Viéc xtr Iy 6 nhiém moi truong nude, dic biét 1a 6 nhiém nudc
boi kim loai ning dang ngay cang dwoc quan tdm. Ngudn gbc caa kim loai nang nay
Xuat phét tir thudc nhuom, thudc trir sau [1], nuéc thai cdng nghiép cua cac nganh
cdng nghiép ma, hda chat, san xuét pin, co khi, khai thac quing, dét may [2]. Cac kim
loai nang nay bao gom asen (As), cadimi (Cd), dong (Cu), thay ngan (Hg), mangan
(Mn), chi (Pb), v.v... Cac kim loai nang nay doc hai, de doa dén sy song cua cac sinh
vat thaty sinh, anh huéng nguy hai cho stc khoe cta con ngudi ngay ca ¢ nong do rat
thap [3, 4]. Trong d6, ion mangan trong nudc ton tai dudi dang ion hoa tan Mn?*, néu
str dung lau dai nguén nuéc chira ham luong Mn?* nam ngoai ngudng giéi han cho
phép, con ngudi s& mac mot s6 bénh vé hé than kinh, bi ngd doc, gay anh hudng xau
dén mot sb hé co quan nhu phoi va tim mach. Sir dung ngudn nuéc bi nhidm Mn?*
trong thoi gian dai cling lam giam kha nang ngon ngit, giam kha nang van dong, tham
tri 1au ngay dan dén hé théng than kinh khong duoc binh thuong [5, 6]. Phan tich ham
lugng nudc ngam tai mot sé dia phuong & Viét Nam cho thiy hon 70% sé mau nuée
ngam c6 nong d6 Mn%* vuot qué tiéu chuan cho phép trong nude dn udng cua Viét
Nam [7]. Mac du tac hai cia Mn?* dén sic khoe con nguoi 1 khon luong, hién nay

cac nghién ciu xir ly ngudn nudc 6 nhiém Mn2* con rat nhiéu han ché.

Vién dé xt ly 6 nhiém méi trudong nude bi nhidm kim loai ning di, dang va ngay
cang duoc quan tim hudng dén. Cac phuong phap xir Iy nudc nhiém kim loai nang
phd bién nhu phwong phap sinh hoc, trao di ion, két tua, hap phu, mang loc [8] (Bang
1.1). Trong d6, cac thanh phan bao gom nong do kim loai nang trong nudc, thanh
phan nudc, chi phi dau tu va van hanh, su tac dong dén mai truong va diéu kién thyc

hién déu anh hudng dén viéc lua chon phuwong phap thuc hién. Tuy nhién hiéu qua



cua timg phuong phap 1a khac nhau va phu thudc nhiéu vao néng d6 kim loai ning

can xur ly [8].

Bang 1. 1: Mgt s6 phwong phap xir ly 6 nhiém kim loai niang

Phuong phap

Uu diém

Nhuoc diém

Phuong phép

hap phy

Chu yéu d& xu Iy kim loai
nang c6 ndng do thap,
phuong phap nay c0 tinh
chon loc cao.

Co6 tinh don gian, dé thuc
hién véi nguon chat da

dang

Can phai dinh ky thay
thé hoic phai thuc
hién cac qua trinh tai
sinh vat liéu hap phu.

Chi phi str dung trong
phuong phdp nay kha

cao.

Phuong phép

mang loc

Loai bo cac loai vi sinh
vat, tap chat hiru co ma
khdng tao ra san pham
phu ¢6 hai.

Do chon loc cao va tiét

Kiém nang lugng.

Chu yéu xir ly kim loai

& ndng do thap.

Phuong phép

Thuc hién don gian,

Tiéu ton ning luong

dién hoa khong phai dung dén hoa dien.
chat. - Hiéu suat xir ly khéng

cao.
Phuong phéap - Xt ly kim loai ning o - Vat liéu hap phu can
sinh hoc ndng d6 cao, chi phi thap. c6 dién tich bé mat

riéng lon.

Phuong phép

két tua hda hoc

Tién hanh don gian, dé sir
dung, hiéu qua xu ly kha
cao va co thé xu 1y duoc

nhiéu kim loai ciing luc.

Khong thé xu ly duoc
hoan toan khi nong do

kim loai qua cao.




Mot trong nhirng giai phap hiru ich, nhanh, don gian, tién loi la sir dung mang
loc polyme thich hop dé 1am sach nuéc bi nhiém tap chat [9]. Mang loc polyme thich
hop cho tng dung 1am sach nude do nd ¢6 do bén co hoc, nhiét va héa hoc cao. Mang
loc polyme c6 thé dugc ché tao bang nhiéu ki thuat khac nhau nhu phuong phap
nghich chuyén pha, polyme hda bé mit, kéo soi dién truong (electrospinning), v.v...
Trong d6 mang soi ché tao bang phuong phéap electrospinning dang hta hen 1a mot
vat liéu 1am sach nude don gian, dé ché tao va hiéu qua. Trong khubn kho nghién ciu
cua dé tai nay, 16p mang soi PVDF chira GO duoc ché tao bang phuong phap

electrospinning véi muc dich tao ra 16p mang c6 cau trdc xop va cé bé mat riéng 16n.

1.2 Nguyeén tic lam viéc va tinh chit sgi thu béi phwong phap electrospinning
1.2.1 Gigi thigu phwong phdp electrospinning

Electrospinning 12 phuong phap ché tao mang soi véi kich thudc soi trong
khoang vai nano mét dén vai micro mét [10]. Khi kich thuéc soi giam xubng kich
thuéc nano mét thi mang soi s& dat dugc céc tinh chat thi vi nhu dién tich bé mat
riéng 16n, mao quan co kich thude nano, d6 bén co hoc cao. Pay déu la nhitng tinh
chat can thiét doi véi vat liéu loc va hap phu loai bo tap chat trong nuéc thai. Hé
thdng electrospinning bao gom mot xylanh chtra dung dich polyme c6 gan véi kim

phun duoc ndi véi dién ap cao va bo thu san pham dugc ndi voi dat (Hinh 1.1) [11].
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Hinh 1. 1: Hé théng thiét bi electrospinning



V& co ban, qué trinh electrospinning bao gém viéc ap dung mot luc dién truong
gitta dung dich polyme duoc day qua dau kim phun kim loai (dién cuc dwong hoic
am) va bo thu kim loai (dién cuc dbi). Bo thu san pham la mot tréng quay duoc git
& mot khoang cach nhat dinh di véi dau kim phun. Luu luong dung dich polyme di
qua kim phun dugc diéu chinh bang bom micro lit. Bang viéc cung cip mot luc dién
truong phu hop, luc twong tac tinh dién thing duoc sire cing bé mit cua dung dich
polyme, tao thanh dong dung dich mong phun ra tir giot dung dich polyme & dau kim
phun. Dong dung dich tich dién va dau tién trai qua su kéo dan 6n dinh, sau dé kéo,
udn va bam ngau nhién trén bo thu san pham. Trong qua trinh di chuyén tir dau kim
phun dén bo thu san pham, dung méi dugc bay hoi gan nhu hoan toan dé thu duoc
soi polyme ran. Cudi cing ta s& thu duoc cac soi nano polyme duoc tap trung & b
thu san pham. Electrospinning 1a mot ky thuat d& dang, linh hoat, chi phi thap, c6 kha
nang bién doi dé san xuat soi nano polyme tir cac dang dung dich polyme, polyme

néng chay, nhii twong hodc huyén phu [12].

Céc théng sb hé théng trong qua trinh ché tao anh hudng dén viéc hinh thanh
mang soi gom khéi luong phan tir, d6 nhét, do dan dién, sire cing bé mat hay hang
s6 dién moi. Bén canh do6, s& ¢4 anh hudng mot sé thdng sé qua trinh nhu dién ap,

khoang cach dén b thu va tdc do phun toc do phun [13, 14].
> Khéi lwong phan ti:

Trong lugng phan tir anh huong dén d6 nhét caa dung dich, tir @6 anh huong
dén kha ning phun soi caa dung dich polyme. Khi khéi lwong phan tir cao hoa tan
trong dung méi s& cho dung dich co6 do nhdt cao, dong thoi dan dén nong do dung
dich ciing ting theo. Trong khi dé diéu kién can thiét dé phun tao duoc soi 1a dung
dich phai chira polyme c6 khéi lugng phan tir vira dii va ¢ nhét dung dich vira di.

» D¢ nhot:

O d6 nhét thap dung dich khi phun khéng tao soi ma phun ra & dang hat. Nguyén
nhan do ¢ d nhét thap mat do polyme trong dung mai thap, 1am cho cac phan tir

polyme bi ngin cach nhau bai dung mdi nén ching khong thé lién két duoc véi nhau



dé kéo thanh soi lién tuc. Néu d6 nhét dung dich qué cao s& gay kho khin cho viéc
bom dung dich qua d¢au kim. Hon nita, khi d6 nhét qué cao, dung dich sé& bi dong ran
ngay dau kim phun, gay tic dau kim va khong thé phun kéo soi duoc.

» B¢ dan dién:

Do dan dién cua dung dich ting, cac dién tich xuat hién nhiéu hon cd thé xay ra
hién tuwong phun thanh nhiéu tia. D6 dan cua dung dich c6 thé duoc ting 1én bing
cach bo sung cac ion mudi, khi 6 san pham mang soi thu dugc & co duong kinh nho
hon, min hon. Néu dung dich khong c6 tinh dan dién, khdng hinh thanh soi trong qué
trinh phun.

> Sirc cang bé mat:

Qua trinh tao sgi dién ra duoc khi c6 mot dién trudong du 16n dé lyc dién truong
kéo soi ra thang duoc sirc cang bé miat cia giot dung dich & dau kim phun. Stic cang
bé mit 16n s& kho kéo soi, vi can 4p mot dién trueong 16n dé thang lai sic cing do.

> Hang sé dién moi:

Dung mdi dugc chon dé hoa tan polyme dya trén hai yéu t6 13 do hoa tan va do
bay hoi. Do tinh chat caa méi dung méi khac nhau, can lua chon duoc hé dung moi
c6 kha ning hoa tan duoc cac polyme va ¢ kha nang twong hop v4i nhau dé tao ra
mét dung dich ddng nhat. Bé ché tao soi nano PVDF, hé dung méi thudng dugc sir
dung sé& la hon hop gitra mot dung moi dé bay hoi (axeton) va mot dung mdi bay hoi
khé (dimethyl formamide) trong diéu kién do am méi truong cao (trén 70%). Ty Ié
hai dung méi ciing anh huong Ion dén qué trinh chuan bi dung dich truéc khi phun,
khi thay ddi ty 18 dung mdi s& din dén thay d6i kha nang hoa tan cua polyme trong
dung mdi va thay doi 6 nhét cua dung dich nén can mot ty 18 dung mai ¢ dinh trong
sudt qué trinh thyc nghiém.

» Dién ap:

Dién &p 12 mot trong nhiing yéu té quan trong quyét dinh qua trinh tao mang soi
trong phuong phap electrospinning. Dién ap cao sé tao ra cac dién tich can thiét trong
dung dich cung vai dién trueong bén ngoai s€ tao ra qua trinh quay dién khi luc tinh

dién trong dung dich vuot qua strc cing bé mat cua dung dich. Ngoai ra, dién ap cao
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con c6 tac dung lam giam dudng kinh cua soi va khuyén kich sy bay hoi nhanh hon
dé tao ra soi kho hon. Tuy nhién néu dién ap cao qua san pham c6 thé thu duoc cac
soi nano khong 6n dinh, khéng dong déu va xuét hién hat. O dién ap qua thap, co thé
khong kéo dugc soi do lrc kéo soi nho hon stic cing bé miat caa giot dung dich dau
kim phun. Vay nén can diéu chinh dién ap dén mot gia tri phu hop dé san pham dat
chat luong téi wu nhat.

> Téc dé phun:

Pay la téc do dé bom lugng dung dich polyme can thiét cho qué trinh phun dién.
Déi vai mot dién ap nhat dinh, s& c6 mét téc do bom twong tmg dé hinh nén Taylor
dugc duy tri on dinh. Pay chinh 1a trudng hop 1y tudong dé soi phun ra lién tyc va cé
kich thudc dong déu. Néu toc do bom nho, lwong dung dich cung cap thap hon luong
dung dich dugc kéo ra thi hinh non Taylor sé lui vao trong kim phun gay dut soi,
phun khong lién tuc. Néu tang téc d6 bom, lugng dung dich phun ra & dau kim nhiéu
hon ¢6 thé khién thoi gian bay hoi dung méi 1au hon, soi 1au kho hon hoic xay ra
hién tuong dong ran dau kim.

> Khodng céch tir dau kim dén bé thu san pham:

Can t6i vu mot khoang cach phai vira du dé soi duoc kéo dén kich thudc nano
va du thoi gian dé dung moi bay hoi. Viéc thay ddi khoang cach c6 anh hudng dén
cuong do dién truong va thoi gian bay hoi dung méi.

1.2.2 Tinh chdt va i#ng dung sei nano ché tao bang phwong phdp electrospinning

e Tinh chdt sei nano

Soi nano polyme Ia vat liéu polyme dang sgi c6 duong kinh tir vai nanomet dén
vai micromet, thong thudng duong kinh nam trong pham vi tir 100 nm dén 1pm. Céc
soi nano tao ra tir cac polyme khac nhau sé& c6 cac tinh chat co 1y va tng dung khac
nhau. Ngoai kich thudc nano, sgi nano di thu hut su cha y dac biét do nhiéu dic tinh,
bao gom dién tich bé mit 16n, do xdp cao, dé ché tao, cac dic tinh hoa hoc, vat Iy va
co hoc tét, tinh linh hoat, ciing nhur kha nang kiém soat hinh théi so véi nhitng dang
vat liéu théng thuong, pht hop dé ung dung trong nhiéu linh vic nhu y sinh, méi

truong, nang luong, cam bién [15]. Véi dién tich bé mat riéng 16n va kha nang chuc
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hoa bé mit, mang soi nano c6 thé hap phu cac chat ban tir nuéc 6 nhiém hiéu qua hon
nhiéu so véi mang x6p thong thuang. Ngoai ra, mang soi nano c6 do x6p cao (khoang
80%), cac mao quan két ndi véi nhau va sy phan bé kich thuéc mao quan c6 thé kiém
S0t tir vai micromet dén dudi micromet. Pay 14 cau tric gitp lam ting kha nang tham
thiu, giam thiéu &p suit loc va ting luu luong loc nwdc qua mang soi nano so Vi cac

mang loc thong thuong khac [16].

Phuong phap electrospinning ché tao mang soi nano kha don gian, phuong
phap nay co kha nang tao ra hang loat sgi nano lién tuc tir cAc polyme khac nhau va
kha ning tao ra soi siéu mong vai duong kinh, thanh phan va dinh huéng c6 thé kiém
soat duoc. Tinh linh hoat nay cho phép kiém soat hinh dang va sy sap xép ciia c4c soi
sao cho cac cau trac khac nhau (hinh 1.2) c6 thé duogc ché tao tly thudc vao muc dich

ung dung khac nhau.

Cau tric 161 —vo

Soi nano composite
Bién doi A
thanh phan :

So1 0ano mao quan
bé mit

Bién dbi
cautric
Hinh 1. 2: C4c dang cdu tric cia sgi nano
e Ung dung sei nano
Hién nay, cac nha khoa hoc, nha dau tu da danh nhiéu su quan tim dén cac vat liéu
kich thuéc nano. Nho nhitng tinh ning vuot troi cia sgi nano nén né c6 nhiéu tng

dung trong céc linh vuc nhu nang lugng, méi trudng, y sinh, cam bién (Hinh 1.3).
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Hinh 1. 3: Ung dung csia sei nano

Trong linh vuc y sinh, vat liéu nano duoc tng dung nhu vat liéu tiém ning dé
diéu tri va chan doan. Cac soi nano c6 ung dung trong mé than kinh va tim mach, mo
co xuong, phan phdi thubc va vt lidu sinh hoc. Ky thuat electrospinning c6 thé tao
ra cac soi nano c6 kich thuéc nho, mém déo va co thé str dung lam céc vat liéu sinh
hoc thich hop véi co thé con nguoi. Soi nano tng dung 1am bang vét thuong thuong
¢ dic diém tham khi cao, bao vé tt vét thuong khoi bi nhiém tring va mat nudc.
Céu trac 1y tudng cua bing vét thuong duoc lam tir sgi nano polyme 1a do xdp cao
va che chan tét. Mang tir soi nano polyme cé kha niang kiém soat nuéc do bay hoi,
tham thau dudng khi, thoat nudc tot do co do x6p. Mot vi du vé kha nang chira lanh
vét thuong bai mang soi nano polylactic axit/curcumin [15] di duoc béo cdo. Mat
khac, tirng dung cua s¢i nano trong k¥ thuat moé xuong cling dang duoc chd trong, bai
no tao ra mot vat liéu linh hoat dé diéu tri cac chan thuong va bién dang xuwong. Céc
soi nano duoc tao ra thdng qua qua trinh electrospinning cd ciu trac va dic diém
gidng nhu chat nén ngoai bao ty nhién. Nhitng gia thé nay c6 thé duogc sir dung dé

cung cap cac tac nhan hoat tinh sinh hoc thuc day qua trinh tai tao mé.

Bén canh do, s¢i nano da dugc kham pha rong rai cho cac tng dung lién quan
dén xuc tac, ning luong, mdi truong. Mang soi nano co thé tach cac ion doc hai nhu

ion kim loai nang, photphat va cac chat hiru co gdy 6 nhiém nhu chat nhuém, thudc
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trir sdu... théng qua co ché hip phu vt Iy, hda hoc hoic tinh dién. Nho do xdp 16n,
dién tich bé mit riéng cao va do 6n dinh tuyét voi, cac soi nano electrospinning lam
bang polyme 14 chat hd trg tdt cho cac hé thdng xuc tac khac nhau. Bén nay, soi nano
polyme di dugc nghién ctru nhu cam bién khi, cam bién héa chat, cam bién quang
hoc va cam bién sinh hoc. Vi du trong nghién ctu cua tac gia Jaritphun va cong su
[17] d4 sir dung soi nano 1am dién cuc hay mang cho ché tao pin ning lwong mit troi,

pin sac, tu dién va pin nhién liéu.

Ngoai ra, mang soi nano duoc ché tao bang phuong phép electrospinning ciing
dang hira hen 12 mot vat liéu 1am sach nudc don gian, d& ché tao va hiéu qua cao.
Viéc thanh céng trong ché tao mang soi nano bang phuong phap electrospinning da
mé ra nhitng tng dung tiém ning trong hau hét cac linh vuc cia doi song, san xuat
va nghién ctu. Mot s6 nghién ctiru ché tao vat liéu mang soi bang phuong phap
electrospinning (g dung lam mang hap phu duoc dua ra trong bang 1.2 sau:

Bdng 1. 2: Mét sé nghién cieu ché tao vt ligu mang sei bang phwong phdp
electrospinning d@é ing dung lam mang hdp phu

Polyme Thanh phan khac Ung dung Tai liéu
tham khao

Chitosan Graphene oxide, Glyoxal | Loai bo ion Cu?*, Ph?*, [18]
(tac nhan lién két chéo) Cré*

Polyacrylonitril Graphene oxide Loai bé Congo red [19]

Chitosan Polyacrylamit Loai bo ion CrO4>, [20]
POs*

Polyacrylonitrile Paraformaldehit va Loai bo Pb?*, Cu?*, Ag* [21]

phosphoric axit va Cd?*
Polyurethane Al>03/TiO2 nano Loai b ion nitrat [22]
compozit
Polyvinylalcohol Nanozeolit Loai bo Pb?* va Ni?* [23]
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1.3 Pic trung tinh chat va vai tro cia thanh phan ciu tao mang PVDF/GO/CS

1.3.1 Polyvinylidene fluoride

Polyvinylidene fluoride (PVDF) 1a mét fluoropolyme nhiét déo ban tinh thé, c6
d6 tinh khiét cao [24]. PVDF chira cac mat xich -(CH2CF2)- ¢6 d6 bén co hoc 16n, do
6n dinh nhiét tét va twong dbi tro vé& mat héa hoc. Polyvinylidene fluoride cé ciu tric
phan tu la:

\ \ \ \ /
/ ) / / e
\

f’\

\c
B .

H H H H H H
Hinh 1. 4: Cdu tric ciia PVDF
Vi kha nang chiu nhiét 1én dén 150°C, PVDF thé hién t6t ciia cac dac tinh nhur:
kha niang khang hoa chat vuot troi, cd d6 bén co hoc cao, chiu nhiét do cao, chéng
oxy hda, khang thoi tiét va khang buc xa. Vi vay PVDF duoc tng dung trong cac
nganh cdng nghiép nhu nang luong, 6 td, may bay va cac nganh cong nghiép hoa dau

dua trén tinh chét c6 kha ning chdng lai cac tac nhan dn mon.

Hinh 1. 5: Mgt sé i#ng dung ciia PVDF
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Dic biét, PVDF con duogc biét dén vai tng dung 1am mang loc do c6 nhiing
dic tinh noi bat bao gdm tinh khang hoa chét va d6 bén co hoc cao. Véi cac dic tinh
la tinh 6n dinh nhiét, kha ning khang hda chit va kha nang xu ly 1am cho PVDF tré
nén 1y tudng dé sir dung trong cac tng dung mang loc y sinh va xir 1y nudce thai [25].
Diy ciing |a tng dung chinh ma dé tai nghién cu ndy mudn huéng dén nham xu ly
ngudn nude thai bi 6 nhidm c6 chira cac ion kim loai ning nhu Mn?*, Cu?*, Pb?*,
V.V... Tuy nhién, PVDF lai 12 mot polyme ki nudc nén thuong dan dén 1am giam luu
lugng dong chay qua mang va 1am tic mang. Do d6 dé sir dung PVDF lam mang loc
nudéc thi can thiét phai bién tinh n6. Mot s nghién ctu tién hanh l1am tang tinh ua
nudc ciia mang bang cach tron cac chat vo co hay hitu co wa nudc vao PVDF. Vi du
nhu cac hat oxit kim loai, dng nano cacbon, graphene kich thuéc nano duoc bd sung

dé lam tang tinh thAm uét, ting d6 chon loc va chéng tac mang [26].
1.3.2 Graphene oxide

Graphene 1a mot mat phing don 16p cua nhitng nguyén tir cacbon dugc sap
xép chat ché trong mang tinh thé hinh t6 ong 2 chiéu (2D). Graphene duoc cudn lai
s& tao nén dang thu hinh fullerene 0D, dugc quan lai s& tao nén dang tha hinh carbon
nanotube 1D, hoic dugc xép chong Ién nhau s& tao nén dang thu hinh graphit 3D
(Hinh 1.6) [27].

Graphen
Cautriie 2D

Graphit
Ciu triic 3D

.f;ll"t‘fc“'-' Cacbon nanotube
Cau triic 0D Ciu triic 1D

Hinh 1. 6: Cdu triic co ban ciia vt ligu graphene [27]
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Dic trung cau tric cua graphene 1a cac nguyén ti carbon 1a duoc sip xép trén dinh
cac luc giac déu, cach nhau mot khoang cach nhat dinh 1a 1,42 A va ching duoc lién
két v&i nhau boi céc lién két sp?. Vi vay ma graphene c6 nhitng tinh chat, dic diém
wu viét, va hién tré thanh vat liéu rat duoc quan tdm cua cac nha nghién ciu trong
linh vuc khéc nhau. Nha khoa hoc Rajasekhar Balasubramanian da thong ké lai cac
tinh chat vat ly caa graphene & nhiét o phong dugc trinh bay trong bang 1.3 [28]:

Bdang 1. 3: Tinh chdt vat ly ciia don I6p graphene ¢ nhiét dg phong

Pic diém Gia tri
M6 dun 1100 GPA
D0 cling 125 GPA
Do linh dong 200 000 cm? V1 st
Do dan nhiét 5000 W mt K1
Chiéu dai ctia lién két C-C 0,142 nm
Dién tich bé mat ly thuyét 0,77 mg.m-?
Mat do 2630 m? gt
Do truyén quang 97,7%

Graphene oxide (GO) la graphene c6 gan thém céc nhém chic chira oxy wa
nude nhu hydroxyl (-OH), epoxy (-O-), carbonyl (-C=0), carboxyl (-COOH), v.v ...
trén bé mat co ban va canh cua ching [29]. GO véi tinh chat co ban gidng nhu
graphene nén ciing da duoc rat nhiéu nhém nghién ciu phat trién GO lam chét hap

phy, loai bé cac chat 6 nhiém trong méi truong nudc.

Hinh 1. 7: Cdu triic co ban ciia GO theo Lerf — Klinowski [29]
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GO c6 chira cac nhém chirc phong phu do sy hinh thanh caa céc lién két hydro
hodc do su twong tac dién tir v6i cac hop chat hitu co c6 chtra oxi va nito. Vat liéu
GO c0 tinh chat va nuéc do bén trong cu tric cia né ¢ chira cac nhém chire chira
oxy phén cuc. Véi sy ¢6 mat caa cdc nhom chiac hoat dong nhu cacbonyl, epoxy,
hydroxyl trén bé mit caa GO cho phép GO c6 thé twong tac vai rat nhiéu cac phan tir
khac. Thong qua phirc bé mat hodc twong tac tinh dién gitra bé mat &m GO va cation
duong kim loai, ¢ thé stir dung GO dé tach ion kim loai trong dung dich. Qua4 trinh
hap phu cac ion kim loai va hop chat hitu co trén GO thuong phu thudc nhiéu vao do
pH va ban chét caa cac hop chat hitu co (sé lwong vong thom trong phan tir) ma
khdng phu thude dén luc ion. GO c6 ciu tric dang tim nén dién tich bé mat riéng
I6n, c6 thé két hop véi cac thanh phan khac nhau dé tao nén vat liéu compozit ¢ céc
tinh chat vo cung dac biét vai cac ting dung khac nhau. Cac nghién ciru ciing chi ra
rang, thanh phan két hop véi né thong thuong s& 1a cac kim loai, oxit kim loai, khung

kim loai hitu co, polyme, hop chét hitu co, vat chat sinh hoc va céc vat liéu nano [30].

Vi vay trong nghién cizu nay, lua chon su két hop gitta vat liéu GO va polyme
PVDF dé tao mang soi nano composite véi cac tinh chat va ing dung t6i vu 1a hudéng
di duoc xac dinh. Sy két hop cuia hai thanh phan vira cai thién tinh ky nuéc cia PVDF,

d6ng thoi cling 1am ting kha nang hip phu do sy c6 mit thém cua vat liéu GO.
1.3.3 Chitosan

Chitosan (CS) 1a dan xuat duoc tao nén tir chitin, polyme tu nhién ¢ trix luong
I6n tha hai sau cellulose. Chitin ¢ trong vo cia cac loai giap xac nhu cua, tom, mai
muc va trong té bao cua mot sé loai nam [31]. Cau tric cua chitosan c6 cac don vi
monosaccharide (D-glucosamine) duoc lién két voi nhau bang lién két p-(1,4)-
glycoside dé tao thanh mach phan tir thang dai.

Dua trén ly thuyét cho thdy cau triic cua chitin va CS rat khac nhau do su c6
mat caa hai nhdm chac — NHCOCHS; va —NH2 ¢ vi tri C, trong mach dai phan tu.
Nhung trong thyc té ca hai nhém chirc trén déu hién dién trong cac phan ti chitin va

phan tir CS (hinh 1.8). Do d6, nguoi ta sir dung khai niém muc deacetyl hoa (DDA)
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trong phan tir dé phan biét chitin va CS. DDA s& duoc tinh theo ti 1¢ gitta nhom —
NH: véi tong sé6 nhom — NHz va — NHCOCH3 ¢6 mit trong phan tir chitin va CS.
Néu mirc do deacetyl hoa cd ty 1& <50 % thi chit d6 1a chitin, con néu DDA> 50 %
thi phan tir d6 1a CS [32].

(b)

HO

Hinh 1. 8: Cau trdc cia (a) chitin trén Iy thuyét (b) CS trén Iy thuyét va (c) CS
trong thuc te vei DDA> 50 % [37]

CS l1a mot polysacharide khéng mai, c6 khdi lwgng phan tir 16n, t6n tai ¢ dang
ran, c6 hinh vay theo céc kich ¢ khéac nhau, c6 nhiét do ndng chay trung binh khoang
309 — 311 °C, c6 mau tring hoic vang nhat. CS tan tét trong dung dich caa mét sb
axit nhung khong tan trong nuéc [31-33]. Vi thé ma kha ning ung dung caa CS bi
han ché rat nhiéu, dic biét 1a trong linh vuc y dugc. Cac nha khoa hoc da thyc hién
rat nhiéu nghién ciru, dé diéu ché cac dan xuat cua CS bang céch thyc hién cac phan
g ghép hay tuong tac ion dé thay d6i cau tric hda hoc ciia né. Tuy nhién, chi c6 s6
it cac nghién ctu tim thay duoc cac dan xuat cia CS ¢6 kha ning hoa tan trong dung

mOi hiru co thong thuong [31].

Nho sy ¢6 mat cua nhdm chic NH: trong phan tir ma CS c¢6 kha nang hoat dong
hoa hoc cao hon so vai chitin, dac biét 1a kha nang tao phtrc cua nd. Cac nghién cuu
d3 dua ra quy trinh tao phuc cua CS, tir d6 tdng hop cac nhém vat liéu c6 wng dung
xtr ly kim loai nang, chat mau hitu co trong nudc 6 nhidém. Kha nang hap phu cac

cation kim loai hoa tri hai va hoa tri ba 1én mang CS da c6 trong nghién cttu ciia Rhazi
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va cong su [34]. Su giam dan kha ning tao phuc cua cac cation kim loai da duoc ghi
nhan theo thir tu nhu sau:
Kim loai héa tri Il: Cu?t > Hg?** > Zn?*t > Cd*t > Ni*t > Co?** ~ Ca?*

Kim loai hoa tri Il1: Eu3t > Nd3* > Cr3t =~ pr3*
1.4 Tinh hinh nghién ctru trong va ngoai nwoc
1.4.1 Tinh hinh nghién ciu thé gidi

Hau hét cac nghién ciru cho thay rang bién tinh bé mat caa mang soi bang céach
tron polyme véi cac tac nhan bién tinh c6 thé tao ra mét sé dac tinh hap phu mong
mudn. Cac nghién ciru déu hudng téi nang cac hiéu qua hap phu dong thoi dam bao
thong luong dong chay qua mang, do chon loc va kha ning chdng tic cua mang cao.
CS va GO déu dugc danh gia 1a nhitng vat liéu c6 kha nang hap phu kim loai tét. Tuy
nhién, viéc thu hdi va tai st dung cac vat liéu nay sau qué trinh hap phu 1a rat kho
khan. Vi vay, dé c6 kha nang tng dung cao thi ngudi ta phai ché tao vat liéu compozit
vai CS hoac GO.

Nhom tac gia Jeong [35] da ché tao mang compozit PVDF/GO bang phuong
phap electrospinning ting dung dé loai bo Pb?* va Cd?* trong dung dich nuéc. Mang
soi PVDF/GO thé hién dic tinh wa nuéc mac du két qua phan tich FTIR cho thay chi
mot luong rat nho GO c6 trén bé mit cua soi, con da phan nam bén trong sgi PVDF.
Theo két qua loc d6i véi dung dich ion Pb?* va Cd?* thi téc do loai bo ion Pb?* va
Cd?* bang mang PVDF/GO ting dan theo thoi gian va dat 95,2% d6i véi ion Pb?* va
98,3% ddi voi ion Cd?* sau 2 gio. Nghién ciru da cho thay tiém nang 16n cia mang

compozit PVDF/GO sir dung cho hé théng xir 1y nuée thai.

Gan day, cac nghién ctru ché tao vt liu trén co so CS dé hap phu cac kim loai
nang ciing da duoc nhiéu tac gia bao co. Nam 2022, nhém nghién ciru cua Jung Eun
Park va cong su [36] ché tao mot mang hap phu méi bang cach ¢ dinh oxit sat pha
CS (Chi@Fe203) trén mang poly vinylidene fluoride ua nudc c6 san trén thi truong
thanh nano composite Chi@Fe203-PVDF dé loai bo cac chat doc hai trong dung dich

nuéc. Nghién ciu str dung hé thong loc chan khong, cac hat nano oxit sit phu CS
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duoc ¢b dinh 6n dinh trén mang thé hién mau vang nau déng nhat. Qua trinh loai bo
Crb* sir dung mang nano Chi@Fe,03-PVDF bang hé théng loc duoc minh hoa trong
hinh 1.9. Két qua cho thay hiéu qua loai bo Cré* cao nhét tai pH=4 véi dung luong
hap phu la 14,104 mg/g trong diéu kién dong vao lién tuc.

Loc chan E
a .
& -u) &\.:L \_ khong .

:l 25 )
S¥0 &L ———
Colieies A ———

0 @® Cr(Vl)ions
o Q Chi@Fe,05 NPs

Q© Cr(VI)ion captured Chi@Fe,05 NPs

Hinh 1. 9: Quy trinh logi bé Cr(VI) sir dung mang poly(vinylidene fluoride)
nanocompozit sat pha chitosan (Chi@Fe.Os—PVDF) [36]

Trong nghién ctu cua Majid Aliabadi va cong su [37] mang sgi nano
CS/hydroxyapatite duoc tong hop bang quy trinh electrospinning dé ung dung loai
bo céc ion kim loai nang. Két qua nghién ciru cho thiy dung luong hap phu cuc dai
cuia mang CS/hydroxyapatite ddi vai ion chi, conban, niken theo thir ty lan luot 13
296,7 mg/g, coban 213,8 mg/g, niken 180,2 mg/g sau thoi gian can bang hap phu 30
phUt, tai nhiét do 45°C. Kha ning tai str dung cia mang soi nano téng hop duoc xac
dinh sau nam chu ky hap phu-giai hap va két qua cho thay rang nhitng mang nay c6

thé duoc st dung rong rai trong cac hoat dong cong nghiép.

Mot nghién ciru khac [38] da chi ra kha nang hap phu loai bo ion thuéc nhuém
cua mang PVDF bién tinh boi vat liéu nano oxit sat phu CS@Fe-PVDF. Két qua
nghién ciru cho thay trong diéu kién axit, kha ning loai bo thuéc nhuom caa mang
CS@Fe-PVDF ting 1én déang ké do bé mat tich dién dwong cua chat hap phu twong
tac hiéu qua hon véi chat 6 nhiém (hinh 1.10). Dung lugng hap phu dbi véi mau xanh

Evans (EB) 1a 434,78 mg/g ph hop tét voi mé hinh dang nhiét Langmuir. Hon nira,
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CS@Fe-PVDF ¢ thé duoc tai sir dung bang mét budce rira don gian trong dung dich
kiém, vi thé mang compozit dugc ap dung nhiéu 1an ma hiéu suat hap phu cua né
khong giam dang ké. Mang vai thanh phan tuong tu da duoc &p dung thém dé loai bo
nim loai thudc nhuém anion khéc nhau, thé hién hiéu qua cao, cho thay tng dung xu

ly nguén nude nhidm ban hiéu qua cua mang compozit.

[ H&p phu thudc nhuém anion ]

..“m
\
Ngudn chan khong
/| Thudc nhuém anion

(o) [ Hatnanooxitsatphics |

[ C& dinh chat hap phu nano 1 nhuém * e
Ld

__o—=

Mang PVDF

Fe - PVDF

Hinh 1. 10: M6 hinh ché tgo va logi bé thuéc nhugm ciza mang Fe-PVDF [38]

Trong nghién ctru ctia nhdm tac gia ShupingWu nam 2022 [39], mot mang soi
nano ¢6 cau tric hai 16p duogc tong hop dé tng dung xir Iy nuée thai. Lép dau tién 1a
soi nano CS/polyvinylpyrrolidone (PVP)/ruou polyvinyl (PVA) x6p dugc ché tao
bang phuong phap electrospinning, con 16p tha hai 1a cac dng nano cacbon (CNTS)
c6 hoat tinh. Quy trinh ché tao va loai bo ion dwgc md ta trong hinh 1.11. Viéc két
hop cua cac thanh phan tao mang soi hai 16p gilp mang c6 tiém nang 16n trong linh
vuc loc nudéc, do do x6p cao va dién tich bé mat riéng Ién. Cac mang téi uu dugc hinh
thanh véi d6 day 20 um va do nham 142 nm cho thay kha ning loai bo tét cac ion
kim loai nang: Cu2* (95,68%), NiZ* (93,86%), Cd?* (88,52%), Pb?* (80,41%), xanh
malachit (87,20%), xanh metylen (76,33%) va tim pha 1€ (63,39%). Hon nira, mang
con thé hién dic tinh 6n dinh 1au dai trong qué trinh loc gép phan cung cip mot

phuong phap méi dé ché tao mang tién tién trong xt Iy nudc 6 nhidém.



Lop hoat dong

Lop ho tro mang soi [ ]
CS/PVP/CNTs

CS/PVP/PVA

Hinh 1. 11: Quy trinh ché teo va logi bé ion ciia mang CS/PVP/PVAICNTS [39]
Cac nghién ciru ciing cho thay raing mot mang loc hiéu qua dé loai bo céc tap
chat dang hat thudng c6 cau tric géom hai hay ba 16p. Trong d6 16p trén cing 1a 16p
mang mong ua nudc gilp mang loc thAim uét nudc tét va chong tic mang khi loc, 16p
thi hai 13 16p mang soi nano ¢é cau triic mao quan két néi duoc ché tao bang phuong
phap electrospinning va 16p tht ba 1a mang sgi micro ¢6 vai trd ting d6 bén co hoc
cua mang loc. Vi cau tric ndy, mang loc ¢ luu lwong dong qua mang 16n va kha

nang chdng tac cao [40, 41].

Tir cac nghién ctiru cho thay rang bién tinh bé mit cua mang soi bang céch tron
polyme Vi c&c tc nhan bién tinh c6 thé tao ra mot sé dac tinh hap phy mong muén.
Cac nghién ctiru déu hudng toi nang cac hiéu qua hap phu dong thoi dam bao théng
lwong dong chay qua mang, do chon loc va kha nang chéng tic cua mang cao. Dé tai
dua trén ¥ tuong tién hanh ché tao mot loai vat liéu mang loc hap phu maéi trén co s
két hop cua ba thanh phan 1a PVDF, GO va CS. Mang soi PVDF chira thanh phan
GO dugc ché tao bang phuong phap electrospinning véi nhitng cai tién dé lam ting
su ¢6 mat ciia GO trén bé mat soi PVDF, tir d6 ting kha nang hap phu céc ion kim
loai nang. Tinh wa nudc cua mang sgi PVDF/GO duoc cai thién, tao thuan lgi cho
viéc két dinh véi 16p mang CS phia trén, dam bao d6 6n dinh khi s dung 1am mang

loc.
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1.4.2 Tinh hinh nghién cizu tei Viégt Nam

Hap phu 12 mot phuong phap chu yéu va rat hiéu qua trong viéc xir 1y nudc thai.
Diy 1a mot hién twong xay ra & bé mit, trong d6 cac chat bi hap phu hit bam vao bé
mat cua vat liéu hap phu ran bang lién két vat ly hay lién két hda hoc. Trong nuéc,
cac nghién ciru ché tao compozit cua CS hoic compozit cia GO tng dung 1am vt

liéu hap phu ciing da duoc béo céo.

Su két hop cua thanh phan GO vai céc oxit kim loai tao thanh vat liéu to hop c6
kha nang hap phu rat tt cac chat gay 6 nhiém trong nudc bao gom ca chat vo co va
hitu co. C&c nghién ciru trong nuée cha yéu chirc hda GO véi céc oxit kim loai nhu
FesOs, MNO2, Al2Os, TiOz, ZnO dé lam tang wng dung hap phu ion kim loai ning
[42]. Nghién ctu cua tac gia Nguyén Manh Tuong [43] cho thdy, vat liéu to hop
GO/MnO; téng hop tir GO bang phuong phap dong két tia cho két qua hap phu cao
hon han so véi GO va MnO,. Khao sét kha ning loai bo As®* trong mdi trudng nudc
cua vat liéu cho thay dung luong hap phu cuc dai cia GO/MnOz, MnO2 va GO tuong
ung la 85,5 mg/g, 24,4 mg/g va 3,6 mg/g.

Nam 2021, tac gia Mai Puc Diing cung cong su [44] da tong hop vat liéu
nanocomposite GO/FesO4 (GFO) trén nén than hoat tinh (AC) duoc sir dung dé loai
bo Asen trong nuéc cac giéng khoan. Kha ning hap phu As®* cua vat liéu
nanocomposite GO/ Fes04/AC dugc nghién ciru tai cac gia tri pH khac nhau. Két qua
nghién ctru da cho thay kha nang hap phu As®* dat 98% trong thoi gian 60 phut & pH
= 6, dung lwong hap phu dat 14,74 mg/g. Trong s6 cac oxit kim loai, oxit sit FesOa
kha duoc quan tdm vi kha nang hap phu cao, c6 kha nang tai sinh, kha ning thu hoi
do tir tinh sat tir GO/ FesOa.

Cac nghién cru ché tao vat liéu trén co so chitosan dé hap phu cac kim loai nang
cling da duoc nhiéu tac gia bao céo. Nam 2016, tac gai Nguyén Thi Cam Trang
(Truong Pai hoc Khoa hoc Tu nhién, PHQG- HCM) ciing cong su [45] da tong hop
thanh cdng mang tir CS va Zeolite (CS/Ze) sir dung chat lién két la glutaral andehit.

Ty lé thanh phan CS trong mang thay d6i vin dam bao dugc tinh chét co hoc va do
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bén cua mang. Theo dé, két qua loai bo ion kim loai ning trong nuéc cho thdy mang
co ty 1é CS/Zeolite voi 70% CS va 30% Zeolite cho két qua loai bo ion kim loai cao
nhét. Hiéu suat loai bo ion kim loai ning 12 Hg (82,50%), As (89,47%), Cr (95,63%),
Cd (86,45%). Nhu vay kha ning loai bo kim loai sap xép theo thi tu: Cr> As> Cd>
Hg> Pb> Cu. Mit khéac, nhdm nghién ctru cua tac gia Nguyén Xuan Trung ciing da
bién tinh thanh céng CS bing cach hoa tan CS va bét than hoat tinh trong dung dich
acid acetic roi chuyén dung dich vé dang ran dudi hat hinh cau, sau d6 ghép mach
bang glutaral andehit, san pham thu duoc rira sach va say kho [46]. Téc gia s dung
vt liéu da dugc diéu ché dé nghién cau hap phu Cr(VI), két qua cdng bd cho thay ca
hai ion déu duoc hap phu tét & pH thap va dung luong hap phu cuc dai ddi vai Cr(VI)
va Cr(l11) 1an luot 14 172,41 mg/g va 17,09 mg/g. Tuy nhién, nhuoc diém cua cac vat
liéu trén co so chitosan dé hap phu ion kim loai niang 14 kha ning thu hoi va téi sir

dung cua vat liéu sau khi hap phu gip nhiéu kho khan.

Qua nghién ciu tong quan trén thay rang cac vat liéu tong hop trén co sé GO
va CS duoc chu yéu st dung lam vat liéu hap phu ma chua ¢6 dinh huéng ché tao
dang mang loc. Vay nén nghién cau ché tao mang loc da 16p PVDF/GO/CS 1a mot
huéng tiép can kha méi me vé thanh phan vat liéu ciing nhu phuong phap ché tao so
Vé6i cac nghién ciru trong va nudc ngoai. Vi vy, dé tai dinh hudng tim kiém mat loai
mang loc méi dugc ché tao bang phuong phap méi, phit hop, dong thoi mang loc 1am
viéc theo co ché loc va hap phu dé giai quyét dugc van dé 6 nhiém ion kim loai nang

trong nude. Pay 1a mot hudng di thiét thyuc, co co sé va nhidu y nghia thuc tién.
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CHUONG 2: PHUONG PHAP, KY THUAT NGHIEN CUU
2.1 Hoa chat va thuc nghiém

2.1.1 Hoa chat
Cac hoa chat va mau nuéc thuc st dung trong nghién ciru duoc liét ké trong bang 2.1

Bdng 2. 1: Mgt sé hoa chat si dung

STT Tén hoa chat Ky hiéu Théng sé Nguon géc
1 Polyvinyldiene PVDF Khéi luong phan Han Quéc
fluoride Kynar@761 tr 30.000 Da
2 Chitosan CS Khéi luong phan | Trung Quédc

ta 30.000 va do
decetyl hdéa >95
%),

3 | Dimethylformamide DMF Tinh khiét 99.9% | Trung Québc

4 Acetone CH3sCOCHs3 | Tinh khiét 99.9% |  Trung Quéc

5 Mangan sulfat | MnSO4.H20 | Tinh khiét >99% | Trung Québc
6 Graphene oxide GO Dang bot Puoc tong hop
tu graphit theo

ti lidu [47]

7 Ethanol C2HsOH Tinh khiét Trung Quédc

>99,7%

8 Axit clohidric HCI Nong d6 35% Trung Quédc

9 Mau nuéc thuc | Mau nuée thue duoc 14y tai s6 19 thén 1 x4 Quang
chira Mn?* Bi, Chuong My, Ha Noi.
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2.1.2 Dung cu va thiét bj

Cac dung cu va thiét bi st dung trong nghién ctru dugc liét ké trong bang 2.2.

Bdng 2. 2: Dung cu va thiét b si dung

STT | Tén thiétbi Hinh anh Mo ta
Go6m 3 bo phan chinh: bo cao ap, bom
1 Hé théng phun va bo thu san pham.

electrospinning

Ngoai ra con c6 thiét bi: dong ho do do

am, quat hat, nhiét do.

Bao gom diéu chinh nhiét ¢ (50°C) va

2 May khudy tir tbc do khudy, gitp qua trinh pha mau
c6 gia nhiét tao dung dich dong nhat va nhanh hon.
[ Str dung nhiét do tir 20-80°C, sdy mau
3 Tua sdy va dung cu thi nghiém.
Can phan tich 10, Can khdi lugng cac
4 Can phan tich mau c¢d trong luong nho, can cd do
chinh xac cao.
5 Bé rung siéu am Rung siéu am cac miu c6 GO dé phan
tan déu.
Ong dong, con khuay, gidy quy, lo thuy
6 Mot sb dung cu, tinh dung dung dich mau, céc thay tinh,

vat tu khac

gidy bac, kim phun, xi lanh nhya, ...
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2.2 Phwrong phip tién hanh
2.2.1 Quy trinh ché tao mang PVDF/GO

Chuan bi dung dich PVDF/GO: Can 0,048g GO vao lo thay tinh c6 khudy tu,
sau d6 bd sung thém 5,28g dung mdi DMF. Han hop trén duogc dem rung siéu am
trong bé rung khoang 2 gi dé GO phan tan déu. Sau d6 thém vao hdn hop nay 1,29
PVDF va 3,529 aceton dé dam bao % khéi luong GO chiém 4% khdi lugng so véi
khoi luong ran va ty I¢ dung méi DMF/aceton la 60/40. Hon hop dugc khuiy bang
may khuay tir, ¢ gia nhiét & 50 °C thu duoc dung dich ¢dng nhat PVDF/GO. Chuan

bi dung dich theo quy trinh ké thira tir nghién ciru trude caa nhom nghién cau [48].

Ché tao mang PVDF/GO bang phuong phép electrospinning dugc tham khao tir
nghién ciru trude caa nhdm [48]: Cho dung dich ddng nhit PVDF/GO da dugc chuan
bi vao xi lanh dung tich 5 ml. Pau xi lanh dugc gan véi kim phun c¢6 kich thuéc 24
gauge. Xi lanh duogc dat trén hé théng bom va c¢d dinh lai, diéu chinh téc do chay la
1 ml/gio bang man hinh bom. Khoang cach tir dau kim phun téi bo thu san pham
duoc ¢b dinh 12 20 cm. Pau kim phun dwgc ndi véi mot ngudn cung dién ap. Bién &p
dat cho qua trinh ché tao mang soi nano PVDF/GO 1a 8 kV.

0,048¢ GO + 5,28g DMF ‘

14— Rung siéu am 2h

GO phan tan trong dung moi J

Khudy tir, l Bé sung 1,2g PVDF

gia nhi¢t 50°C +3,52g Aceton

Dung dich PVDF/GO dbng nhét J
Di,én ap: 8 kV
l Toc do: 1ml/gio

Khoang cach: 20cm
J Thaoi gian phun: 8gid

‘ Electrospinning

|

L Mang sgi PVDF/GO ’

Hinh 2. 1: Se’ dé téng hep mang PVDF/GO
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2.2.2 Quy trinh phi mang CS dé ché tao mang PVDF/GO/CS cast

Sau khi d3 ché tao duoc mang PVDF/GO, mang CS tiép tuc dugc phu 1én trén
bé mat mang PVDF/GO theo quy trinh sau (hinh 2.2):

e Chuan bi dung dich CS: CS véi cac khéi luong khac nhau dugc hoa tan trong
dung dich axit axetic 2 % bang khuay tir gia nhiét & nhiét ¢6 50 °C trong 5 gid dé thu
duoc cac dung dich CS véi cac ndng d6 1; 2; 3; 4 va 5 %.

ePhii mang CS trén mang PVDF/GO: Mang PVDF/GO duoc cit thanh hinh
tron c6 duong kinh 9 cm va duoc dit vao trong phéu loc Buchner. 50 ml dung dich
CS duoc do6 vao phéu loc va tién hanh hat chan khong dé dung dich CS tir tir chay
qua mang dén hét. Sau d6, mang duoc dem sdy ¢ nhiét 6 60 °C trong 12 gio. Tiép
theo, mang dugc ngam 30 phut trong dung dich NaOH 1 M trong ethanol 50 %. Sau
d6 mang tiép tuc dugc ngam trong etanol 50 % khdi luong thai gian 10 phat, va raa
nhiéu lan bang nudc cat dén khi pH ~ 7. Cudi ciing, mang duoc sy trong ti sy &
nhiét d6 60 °C dén khéi luong khong doi.

CS + axit axetic 2wt% theo ndng
d6 khao sat

—————— Gianhiét 50°C, 5 gio

50 ml dung dich CS v&i céc nong
do 1,0; 2,0; 3,0; 4,0; 5,0 wt%

Mang PVDF/GO cit hinh 1. Pit mang trong phéu loc Buchner
tron duong kinh 9 cm 2. Cho dung dich CS chay qua PVDF/GO

[ Mang PVDF/GO phu CS w6t ’

l<— Sy 20 phut & 60°C

{ Mang PVDF/GO phu CS kho

I

[ Mang PVDF/GO/CS én dinh ’

Ngam 30 phut NaOH M (etanol 50 wt%)
Ngam 10 phut trong etanol 50 wt%

Rura nuée cit dén pH 7

Say dén khdi lwong khong déi ¢ 60°C

B =

(PVDF/GO/CS cast)

Hinh 2. 2: So 6 quy trinh phii mang CS dé ché tao mang PVDF/GO/CS cast
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. Mang sau khi dugc tao thanh dugc do chiéu day va khdi luong trude khi duoc

sir dung d¢é loc loai bo Mn?".

. Can khéi lvong mang trude va sau khi phu l6p CS, dé xac dinh ty 18 khéi lugng
gitra 16p CS va lop PVDF/GO trong mang PVDF/GO/CS cast.

2.2.3 Quy trinh phai hat CS dé ché tao mang PVDF/GO/CS el bing electrospinning

Sau khi mang PVDF/GO duoc ché tao, 16p hat CS duoc phu 18n trén bé mit mang
soi PVDF/GO theo quy trinh 2.3, nhu sau:

‘ CS + axit axetic 90 wt% ’

lq— Gia nhiét 50°C, 3 gio

( Dung dich CS 1%

J Tién hanh phun CS bing
Mang sgi nano PVYDF/GO phuong phap electrospinning

L Mang PVDF/GO/CS el J

Ngam 10 phut trong etanol 50 wt%
Rira nudc cat dén pH 7 _
Say dén khoi lugng khong doi ¢ 60°C

l 1. Ngim 30 phat NaOH 1M (etanol 50 wt%)
2.
3.
4,

Mang PVDF/GO/CS 6n dinh
(PVDF/GO/CS el)

Hinh 2. 3: So'dé quy trinh phii I6p hat CS dé ché tao mang PVDF/GOICS el
bang electrospinning

e Chuan bj dung dich CS: Pha dung dich CS theo nong d6 khao sét trong khoang
tir 0,25 dén 1,5 % luwong trong dung mai axit axetic 90 % khéi lwgng. Hon hop duoc
khuay gia nhiét & 50 °C trong 3 gid dé CS tan hoan toan trong axit.

e Phun hat CS trén bé mat mang soi nano PVDF/GO: 4 ml dung dich CS duoc
hit vao xylanh nhua. Dau xylanh nhya duoc néi voi mot kim phun bang thép khdng
gi c6 dudng kinh 24 gauge. Diéu chinh toc d6 bom trong khoang 0,1 dén 0,3 ml/gio.
Khoang cach tir kim phun dén bo thu san pham 1a 20 cm. Pién ap dat cho qua trinh

ché tao hat CS duoc khao sat trong khoang 16 dén 24 kV. Thoi gian phun tao 16p CS
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dugc didu chinh dé ty 1& khdi lugng cua 16p CS va lép PVDF/GO tuong ty nhu voi
mang PVDF/GO/CS cast.

« On dinh mang: mang duoc cit thanh cac hinh tron duong kinh 9 cm va mang
dugc ngam trong dung dich NaOH 1 M trong etanol 50 % khéi lwong. Sau 30 pht,
mang duoc 13y ra roi tiép tuc ngdm 10 phdt trong etanol 50 % khéi lwong, va mang
duoc rira nhiéu 1an bang nuée cat dén khi pH ~ 7. Cubi cung, mang duoc siy trong
ta sdy & nhiét do 60 °C dén khéi luong khong ddi, thu duoc mang PVDF/GOI/CS el

on dinh.

Véi céc thdng sé ché tao: ndng 6 CS 1% khéi luong, toc d6 phun 0,2 ml/gid
va thoi gian phun 20 giod thi mang PVDF/GO/CS el duoc dam bao c6 ty 1é khdi lwong
cua l6p CS va lop PVDF/GO tuong ty nhu véi mang PVDF/GO/CS cast.

2.3 Cac phwong phap phén tich dic trung vat li¢u
2.3.1 Phwong phdp hién vi dién tir quét (SEM) va hién vi dign tir truyén qua (TEM)

Phuong phap SEM 1a phuong phép st dung chum tia dién tir dé tao thanh anh
mau nghién cttu. Anh SEM cho phép danh gia hinh thai soi PVDF, sgi PVDF/GO va
bé mat mang CS. Anh chup mit cit ngang cia mang PVDF/GO/CS cho phép danh
gia kha nang gan két gitra CS va sgi PVDF. Phuong phap do TEM la phuong phap
str dung chum dién tir c6 nang luong cao chiéu xuyén qua mau dé tao anh mau nghién
cutu.

Anh SEM, TEM ctia mang PVDF/GO va anh SEM mang PVDF/GO/CS dugc
chup bing may JSM- 6510LV (SEM) va JEM-1010-JEOL (TEM), tai Vién K§ thuat
Nhiét doi — Vién Han lam Khoa hoc va Cong nghé Viét Nam.

2.3.2 Xdc dinh dic trung héa hoc ciia mang bang phé Raman

Quang pho Raman 1a phuong phap dua trén sy tn xa khong dan hoi cia anh
sang don sic thuong duoc phat ra tir mot nguon laser dé c6 thé nhan biét cac dic tinh
hoa hoc cua vat lidu. Phd Raman phi hop dé danh gia chét luong cau tric mang tinh
thé cua cac vat liéu 2D nhu GO. Phé Raman cua GO, PVDF, PVDF/GO va
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PVDF/GO/CS duoc thuc hién trén may MacroRAM, Horiba, tai Truong Pai hoc

Phenikaa.
2.3.3 Mgt sé phwong phdp khdc

Tinh chat caa ca&c mau mang PVDF, PVDF/GO, PVDF/GO/CS duoc khao sat
trén thiét bi phan tich nhiét TGA4000, Perkin Elmer (M¥). Biéu db nhiét do khdi
lwong thu duoc s& cho thiy do 6n dinh nhiét caa vat liéu, su phan huy polyme.

G6c tiép xtc (ky hiéu: ©) 1a goc co gia tri tir 0° dén 180°, vat lidu duoc coi la
tham wot hoan toan khi @ = 0° va khong tham udt khi 6 = 180°. Tién hanh do goc
tiép xdc bang thiét bi do goc tiép xtc duge dit tai Khoa Co Khi — Dai hoc Phenikaa.
Két qua do goc tiép xuc dung dé phan tich va danh gia, so sanh kha ning thim uét

cuia cdc mau sgi nano PVDF, PVDF/GO, PVDF/GO/CS véi nhau.

O e~

g=180° 0m <B < 180" g=0°

Hinh 2. 4: Cdch xdc dinh goc tiép xtc
K3 thuat do trong luong duoc str dung dé xac dinh do hap thu butanol cia mang
[49]. C4c mAu mang kho duoc cat thanh hinh chit nhat véi kich thudce 1 x 2 (cm) va
duogc xac dinh khéi luong (Wa). Sau d6 cic mau mang nay dugc ngam trong n-butanol
dén khéi luong khong d6i dé dam bao tat ca céc 16 xop da duoc lap day bang chat
long, roi dem can thu dugc khbi lwong (Ww). Po hap thu butanol caa mang dugc xéac

dinh bang phuong trinh:

A W, — W,
Do hap thu butanol(%) = ——

Pp-Va (1)

Trong d6: Wa va Wy 13 khdi lugng ciia mang trudc va sau khi ngam trong n-
butanol dén khéi lugng khong doi (g); pb 1a khéi luong riéng caa n-butanol (0,81

g/cm3): Vq thé tich cua mang khé.
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Do day cua mang dugc do tai 5 vi tri khac nhau bang micromet k§ thuat sb

Mitutoyo (Japan) va duoc ghi lai gia tri trung binh.

2.4 Panh gia kha ning loc hip phu ion kim loai ning mangan (Mn%*) ciia mang
2.4.1 Quy trinh loc mang PVDF/GO/CS

Mang PVDF/GO/CS duoc cit dé c6 kich thuéc bang kich thude gidy loc duong
kinh 9 cm, thiét ké vira trén hé thong bo loc mau phéu s Buchner. C6 dinh mang nay
trén phéu, bat bom hit chan khong dé cho 100 ml dung dich Mn2* véi nong do duoc
xéc dinh trudc, duoc loc qua mang théng qua phéu loc. Ap suat duge dat vao mdi lan
loc 12 10 kPa roi tat di, khi d6 dudi tac dung &p suat, dung dich trén phéu van tiép tuc
chay qua mang xudng binh cho dén hét. Thoi gian hét mot chu ki chay tdy thudc loai
mang loc. Tuan hoan dung dich da loc qua mang loc thém 4 lan véi didu kién &p suat
va thoi gian nhu trén. Nong d6 dung dich Mn?* sau loc duoc xac dinh bang phuong
phép bang phuong phap ICP/MS véi phuong phap thir SMEWW 3125 B:2017 tai Vién

Stic khoe nghé nghiép va Mai truong.
2.4.2 Pdnh gid khd niang hdp phu Mn?* ciia mang PVDF/GO/CS

Kha niang loc hap phu Mn?* ciia mang loc duoc khao sat theo phwong phéap ché
tao I6p CS, thoi gian hap phu Mn2*, pH dung dich, nong d6 cia CS, va nong 6 Mn2*

ban dau, duoc xac dinh theo céc thi nghiém sau véi 3 1an lap lai.

- Anh hwéng phwong phdp ché tao CS dén khd néing hdp phu Mn?* ciia mang
PVDF/GOI/CS

Mang PVDF/GO/CS véi I6p CS duoc ché tao theo 2 phuong phap khac nhau:
electrospinning va phi mang. Luong CS & cic mang compozit duoc dam bao bang
nhau dé thuc hién khao sat kha ning loc hap phu. Dé khao sat anh huang caa phuong
phap ché tao CS dén kha ning hap phu cua mang, mang PVDF/GO, mang
PVDF/GOI/CS el va mang PVDF/GOI/CS cast 3 % khéi lwong duoc st dung dé loc
100 ml dung dich Mn?* 3mg/Il, pH = 6 theo quy trinh & muc 2.4.1 véi thoi gian loc

khéng c6 dinh trong mdi chu ky. Tuong tu, cac mang ndy ciing dwoc sir dung dé loc
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100 ml dung dich Mn?* trén véi quy trinh loc twong tu, nhung dam bao thoi gian loc
giong nhau cho mdi chu ky 14 60 phut, bang cach thay d6i ap suat dit vao ban dau doi
véi mdi mang. Dung dich sau loc dugce dem di phan tich két qua bang phwong phap
ICP/MS.

- Anh hwéng thoi gian dén khd nang hap phu Mn?*

Chuan bi 5 mang PVDF/GO/CS cast 3 % khéi luong c6 kich thuéc bang kich
thuée gidy loc trén phéu Buchner dudng kinh 9 cm. Tién hanh loc mdi mang bai 100
ml Mn%* nong d6 3 mg/L c¢6 pH = 6 tai cac méc thoi gian lan luot 12 1; 2; 4; 5; 6 gio.
Sau d6, dung dich sau loc duoc phan tich bang phwong phap ICP/MS.

- Anh hwoéng cia pH dung dich Mn2* dén khd néng hdp phu Mn?*

Can chinh xéac khéi lugng MnSQO4.H20 rdi dinh mic trong binh 1000 ml sao
cho nong d6 dung dich thu duoc 1a 100 ppm, dung dich géc nay c6 pH = 5. Ding

pipet lay chinh xac dung dich c4c mau cho vao binh 1, 2, 3 theo bang sau:

Bdng 2. 3: Ty I¢ pha cac mdu Mn?* theo dp pH

Binh1 | Binh2 Binh 3
Dung dichgéc | 15ml | 15ml 15ml
H2S04 20% 0 10 pl 15ul
Dinh mac dén | 500 ml | 500 ml | 500 ml
Nong d6 Mn%* | 3mg/l | 3mg/l | 3mgll
pH 6 5 4

Pé khao sét anh huong cua pH dén kha ning hap phu cia mang, cac dung dich
Mn?* ndéng d6 3 mg/l ¢ cac gia tri pH khic nhau dugc loc hap phu qua mang
PVDF/GOI/CS cast 3 % khéi luong theo quy trinh muc 2.4.1. Dung dich sau loc dugc
dem phan tich bang phuong phap ICP/MS.
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- Anh hwong nong dp chitosan dén kha néing hdp phu Mn?*

Mang PVDF/GOI/CS cast dugc ché tao theo cac dung dich CS ¢6 nong d6 khéc
nhau 1; 2; 3; 4 va 5 % khéi luong (quy trinh 2.2.2). Bé khao st anh huéng cia nong
d6 CS dén kha nang hap phu ctia mang, cac mang duoc sir dung dé loc 100 ml dung
dich Mn2* 3mg/I, pH = 6. Cach tién hanh loc dwoc trinh bay & muc 2.4.1. Dung dich
sau loc dugc dem di phén tich két qua bang phuong phap ICP/MS.

- Anh hwéng nong dé dung dich Mn2* @én khd nang hap phu Mn?*

Kha nang hap phu caa mang soi ddi véi ion Mn2* dugc thuc hién theo khao sét
cua nong d6 ban dau caa Mn2* nam trong khoang tir 2 dén 6 mg/l. T4t ca cac mau dung
dich dugc ¢6 dinh & pH = 6. Mang soi PVDF/GO/CS cast 3 % khdi luong duoc st
dung 1am mang loc dé loc 100 ml dung dich Mn?* ¢6 néng do duoc khao sat theo quy
trinh trong muc 2.4.1. Dung dich sau loc duoc dem di phan tich két qua bang phuong
phap ICP/MS.

- Ddnh gid kha ning hdp phu Mn?* ciia mang déi véi mdu thuc

Mau nudc thyc sau khi 1ay duoc dem di phan tich nong d6 Mn cho gia tri 1a
5,72 mg/l. Lay 100 ml mau nuéc thie dem loc qua mang PVDF/GO/CS cast 3 % khdi
lugng theo quy trinh loc & muc 2.4.1, thu dugc dung dich sau loc 1a dung dich 1. Tiép
tuc 1y toan bo dung dich 1 d6 dem loc qua 1 mang PVDF/GO/CS cast 3 % khbi
lwgng méi dé thu dugc dung dich 2, cach tién hanh loc twong tu. Dung dich 1 va dung
dich 2 dugc dem di phan tich bang phwong phap ICP/MS.

- Khd néng hdp phu ciia mang loc tai sinh PVDF/GO/CS

Sau khi mang PVDF/GO/CS cast 3 % khdi luong dugc sir dung dé loc dung
dich Mn?* c6 noéng d6 3 mg/l, pH = 6, mang duoc tai sinh bing cach ngdm mang da
loc @6 trong dung dich HCI 10 M trong 1 gid dé nha hap phu Mn?* & chu ky dau.
Mang sau d6 duoc rira nhiéu 1an bang nudc cat dén pH ~ 7, sdy & 60 °C trong 1 gid
dé tiép tuc tién hanh chu ky loc thtr 2. Sau dé, tiép tuc tién hanh nha hap phu Mn?* va
loc chu ky thtr 3. Tuong tu thuc hién cac thao tac nhu trén cho chu ky 4. Dung dich
sau loc dugc dem di phén tich két qua bang phuong phap ICP/MS.
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2.4.3 Tinh toan qua trinh hdp phu
Tinh toan hiéu sudt va dung Iwong hép phu:

Hiéu suat loc hap phu (H, %) va dung luong hap phu tai thoi diém can bang

(Qe, mg/g) dugc tinh theo cong thurc sau:

C, —C
H(%)=(Oc—e)x100
0

Q, (mg/g) = G =CIV
m

Trong d6: Co 12 ndng d6 dau caa dung dich Mn?* (mg/l hoic ppm);
Ce 12 ndng d6 cua dung dich Mn?* tai thoi diém can bang (mg/l hoic ppm);
V la thé tich cua dung dich Mn2* (1); m la khéi luong ciia mang hap phu (g).
Mé hinh dang nhiét hap phu:

Nghién cau md hinh hap phu caa mot hé hap phu trong méi trudng nuéc, o
nhiéu phuong trinh biéu dién nhu: Langmuir, Freundlich, Temkin, phuong trinh Toth,
Redlich-Peterson, v.v... Trong d6, phuong trinh Freundlich va Langmuir dugc st
dung pho bién nhat. M6 hinh Langmuir 1a mot dudng dang nhiét hap phu 1y thuyét
don gian, duoc gia dinh 13 qua trinh hip phu dong nhét, don 16p véi sé lugng tim hap
phu nhat dinh va khong co tuong tac giita cac phan tir bi hip phu. Trong khi d6 mo
hinh Freudlich duoc coi 1a thé hién moi quan h¢ thuc nghi€m, trong d6 gia dinh bé
mit hap phu khong dong nhat. Puong dang nhiét hap phu Freundlich khong du doan
dugc kha nang hip phu cta cac chit hip phu tai thoi diém can bang.

< Phwong trinh ding nhiét hdap phu Langmuir

Pang nhiét hap phu Langmuir biéu dién sy hap phu chat tan trong dung dich

trén chat hap phu ran theo phuong trinh nhu sau:

—& € 4+

C
Qe Qmax Qmax K L
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Trong d6: Qmax: lwong chét bi hap phu cuc dai don 16p trén mot don vi khéi

lwgng chat hap phu (mg/g);
KL: hang sb hap phu Langmuir (L/mg);
Ce: nong do can bang caa dung dich (mg/1);
Qe: dung lwong hap phu can bang cua chét bi hap phu (mg/g).

*.

s Phwong trinh Freundlich
Ding nhiét hap phu Freundlich 1a phuong trinh 4p dung cho su hap phu trén bé
mat khong dong nhat:

Qe = 1 = KFCelln
m

Trong d6: X: 1a khéi lwong chat bi hap phu (mg);

m: 1a khéi lugng chat hap phu (g);

Ce: nong do can bang cua dung dich (mg/l);

Q.: dung lwong hap phu can bang cua chat bi hap phu (mg/g);
K.: hang sb Freundlich [(mg/g) (L/mg)Y"];

n: hang s6 (nang luong hap phu)
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CHUONG 3: KET QUA VA THAO LUAN
3.1. Pic trung hinh thai cia mang s¢i PVDF/GO ché tao bang phwong phap

electrospinning

Hinh 3. 1: (a) Anh SEM ciia sgi PVDF (b) Anh SEM va (c) Anh TEM sgi
PVDF/GO electrospinning

Hinh thai cua soi PVDF/GO ché tao bang phuong phép electrospinning theo
cac diéu kién ké thira tir nghién ciru trude ciia nhém [47] duoc thé hién trén hinh 3.1.
C6 thé thay trén hinh 3.1a, sgi PVDF duoc ché tao bang phuwong phap electrospinning
c6 kich thudc dong déu, bé mat sgi thudn dai. Cac soi PVDF/GO ciing ¢6 kich thudce
dong nhat, tuy nhién bé mit soi gd ghé do c6 chira cac mao quan bé mit nhu trong
hinh 3.1b. Cac mao quan nay duogc hinh thanh trén bé mit cua soi PVDF/GO do su
bay hoi nhanh ctia dung méi dé bay hoi (axeton) gy ra su phan tach pha & giai doan
dau cua qua trinh electrospinning. Bén canh d6, diéu kién d6 4m cao dan dén sy ngung
tu cua cac giot nudce trén tia dung dich, tao ra cAu trac mang co bé mat xép. CAu trac
bé mat nay cung cép mot di¢n tich 16n mang lai lgi ich to 16n cho nhiéu ung dung
khac nhau, bao gom ca hap phu. O khia canh cdu triic mang hai 16p, kha ning bam
dinh ciia CS trén bé mat nham nay ciing cé thé dugc ting cudng, tao thanh 16p phil
ddng déu trén mang soi PVDF/GO. Anh TEM hinh 3.1c¢ cho thdy cd su xuét hién cac
ving tuong phan & ria soi (theo hudng mili tén), day 1a bang ching vé sy phan tan
ctia thanh phan GO trén bé mit soi. Diéu nay co thé gitp cai thién tinh va nude ciing
nhu kha nang hap phu ion kim loai ciia mang PVDF/GO/CS s& duoc bao cdo trong

nghién ctru nay.
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3.2. Khio sat cac thong sé anh hwéng dén quéa trinh tao mang PVDF/GO/CS cast

Két qua do goc tiép xUc cua giot nudc trén bé mat mang PVDF, mang PVDF/GO
va mang PVDF/GO/CS cast v6i ndng do CS tir 1 dén 5 % khéi luong duoc trinh bay
trong bang 3.1. Goc tiép xdc ciia mang soi PVDF c6 gia tri 1a 134,1° + 2,3° thé hién
ban chat ky nuéc. Piéu nay di chiing té bé mat PVDF s& c6 tinh ky nuéc cao, do su
t6n tai cua cac nhom C-F, C-H trong c4u tric héa hoc cia PVDF. Géc tiép xtc cua
mang PVDF c6 thém thanh phan GO giam 7° so véi mang PVDF. Nguyén nhan 1a do
mang PVDF/GO chira thanh phan GO c6 cac nhém chiic chtra oxy gitp tang tinh ua
nuéc cia mang PVDF/GO, tir d6 gop phan 1am ting kha ning bam dinh cua I6p pha
CS trén mang. Khi pha Ié6p CS 1én trén bé mat mang PVDF/GO bang phuong phap
pht mang thi tinh wa nudc ting manh, véi goc tiép xtc 1a 74,1°42,9°, do ban chat CS
la mot polyme wa nudc hon so véi PVDF. Nhu vay, I6p CS phu trén bé mat mang
PVDF/GO khéng nhitng cung cap cac nhém chic (-OH, -NHa) c6 thé tao phic véi
cac ion kim loai nang ma con lam tang tinh wu nudc ctia mang, giup lam tang kha
nang hap phu ion kim loai nang va kha nang tham thau ciia nuéc qua mang. Bén canh
do, gia tri goc tiép xdc ctia mang PVDF/GO/CS cast giam tir 74,1° d6 xubng 58,3° do
tuong (ng Voi Sy gia ting nong do chitosan tir 1% lén 5%. Su gia ting tinh wa nudc
tuong quan véi su gia ting ndng do chitosan ciing da duoc két luan trong cac nghién

clru trudce day [50, 51].

Két qua bang 3.1 cho thay do day cua mang PVDF/GO/CS cast ting theo nong
d6 CS va dao dong trong khoang 109-146 pum. Khi sir dung dung dich CS c6 nong do
cao dé tao I6p phi mang cho mang PVDF/GO, d6 nhét cia dung dich cao, lam ting
d6 day cua 16p dung dich phu trén mang PVDF/GO. Diéu ndy ciing lam tang do day
ciia mang PVDF/GO/CS cast sau khi say kho. Bong thoi viéc bd sung thém GO va
CS ciing lam ting 13 rét d6 hap thu butanol cua mang PVDF/GO va PVDF/GO/CS
cast so v6i mang PVDF do tinh wa nuéc ciia mang duoc ting 1én dang ké. Tuy nhién,
khi ting nong do CS trong khoang 1-5 % khéi luong, tinh wa nudc clia mang ting
nhung d6 hap thu butanol cua mang PVDF/GO/CS cast giam. Diéu nay 1a do khi

ndng d6 CS str dung 16n, 6 nhét cua dung dich 16n nén kha niang chay caa dung dich
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qua lép mang PVDF/GO ciing kém hon, dan téi luong CS s& luu lai trong mao quan

nhiéu hon, lam giam thé tich mao quan cia mang.

Bdng 3. 1: Thong sé ciia mang PVDF, PVDF/GO va PVDF/GO/CS

Do day mang | Po hap thu Goc tiép xuc
Mang (mm) butanol
(%)
PVDF 0,085 73,3 134,1%+ 2,3°
PVDF/GO 0,095 89,3 127,5% 1,0°
PVDF/GO/CS1
0,109 327,0 74,1°£2,9°
cast
PVDF/GO/CS2
0,115 315,0 66,5° £+ 1,0°
cast
PVDF/GO/CS3
0,121 300,2 64,4° +£2,5°
cast
PVDF/GO/CS4
0,127 2789 62,1°+1,0°
cast
PVDF/GO/CS5
0,146 2455 58,3°+3,2°
cast

Véi mau sir dung CS & ndng do 1 % khéi lwong thi bé day mang 1a nho nhit,
tuong tng vai 109 pm va la miu c6 d6 hap thu butanol 16n nhat do dic tinh wa nuéc

ciia mang duoc cai thién ma van giir duoc thé tich mao quan I6n nhat. Con ddi voi
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mau mang PVDF va mang PVDF/GO, do tinh wa nuéc cia mang kém hon nén kha

nang hap thy butanol s& thip hon, mic di mao quan khdng bi chiém chd boi CS. Nhu

vay, ndng d6 CS anh huéng dén cac thong sé vé do day, thé tich mao quan, tinh wva

nuéc ciia mang. Anh huong cua cac théng sé nay dén kha nang loc hap phu cia ion

Mn2* cuia mang s& duoc nghién ciru ¢ phan tiép theo.

3.3. Khao sat c4c thong s6 dnh hwéng dén qué trinh tao mang PVDF/GO/CS el
> Anh hirong nong dé CS dén qua trinh electrospinning ché tqo lép CS

Tién hanh khao sat anh huong cua ndng do CS (0,5, 1,0 va 1,5 % khéi luong trong
axit acetic 90%) dén hinh thai va qué trinh phun hat CS. Thyc hién qua trinh
electrospinning véi cac diéu kién ¢d dinh nhu sau: téc d6 phun 0,2 ml/gid, khoang

cach tir dau kim phun dén bo thu san pham 1a 20 cm, dién ap dit vao 1a 20 kV.

Bdng 3. 2: Anh hwéng ciia néng dé CS dén qué trinh electrospinning

Nong d CS Anh kinh hién vi quang hoc | Nhan xét quéa trinh
phun
Kho thu dugc hat trén
tréng quay, 6 nhat
dung dich loéng, it tao
0,5% hat

Hat phun déu, thinh
thoang c6 giot nho

1,0%

dich c6 d6 nhét cao
phun kho hon.
1,5%

. Cé céac giot to, dung

Két qua thu duoc & bang 3.2 cho thay, CS ¢6 ndng d6 bang 1 % khéi lwong cho
hinh thanh hat tt nhat. Hat CS phun ddng déu, it vét giot va qua trinh phun ciing



thuan loi nhat. DBiéu nay 1a do dung dich c6 mét do nhét pha hop va lee dién trudng
vira da dé thing strc cang bé mat cua dung dich. Vi vay hra chon dung dich CS 1 %
khéi lwgng dé thyuc hién qua trinh electrospinning ché tao Iép CS va cb dinh thong sb

nay cho c&c nghién ctu tiép theo.
> Anh huéng dién dp dén qua trinh electrospinning ché tqo lép CS

Str dung dung dich CS 1 % khéi luong trong axit acetic 90%, gitt nguyén cac
thong s6 bao gom tdc d6 phun 13 0,2 ml/gio, khoang cach tir kim phun dén b thu san
pham 12 20 cm. Thay d6i dién ap trong qué trinh: 16, 18, 20, 22 kV.

Bdang 3. 3: Anh hwéng ciia dién dp dén qué trinh electrospinning

pién &p (kV) | Anh kinh hién vi quang hec | Nhan xét quéa trinh phun

Thu dugc hat kém, c6
nhicu giot

16
Thu dugc hat kém, c6
nhiéu giot

18
Hat phun déu, thinh
thoang c6 giot nho

20
C6 nhiéu giot dung dich

22
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Két qua thu duoc ¢ bang 3.3 cho thiy khi dién ap sir dung dudi 20 kV xuat hién
nhiéu giot trén mang. Diéu nay la do khi tat ca cac thdng sé khac dugc gir nguyén,
dién 4p dat thap khong tao du luc kéo dé kéo hét lwong dung dich dwogc day ra, 1am
cho dung dich chua duoc keéo tao hat gy hién tugng giot. Tai dién ap duwoc ap dat la
20 kV hat CS tao thanh c6 kich thudc dong déu, qua trinh electrospinning 6n dinh,
day 1a dién &p phu hop dé luc kéo can bang véi luc day dung dich. Khi ting dién ap
lén 22 kV, do lyc kéo quéa nhanh khién dung méi khong kip bay hoi tao giot dung
moi trén mang thu dugc. Vi vay, dién ap st dung qué trinh electrospinning ché tao
I6p CS dugc ¢6 dinh tai 20 kV.

> Anh hirong khodng cach dén qua trinh electrospinning ché tao lép CS

Str dung dung dich CS 1 % khéi luong trong axit acetic 90%, gitr nguyén céc
thong s6 bao gom toc do phun 12 0,2 ml/gio, dién ap ap dat vao qua trinh 20 kV. Thay
d6i khoang cach tir kim phun dén bo thu san pham 1a 16, 18, 20, 22 va 24 cm.

Két qua thu duoc & bang 3.4 cho thiy tai gia tri khoang cach D = 20 ¢cm hat CS
c6 kich thudc dong déu va qué trinh phun on dinh nhat. Khi thay d6i khoang cach
nhé hon 20 cm, tai gi4 tri 16 va 18 cm qué trinh phun CS khdng 6n dinh, xuat hién
c4c hat ran den va tao giot. Piéu nay 1a do quang duong di chuyén ngan, khong du
thoi gian dé dung méi bay hoi hét. Hién tuong giot duoc cai thién hon khi ting khoang
cach 1én 20 cm. Khi khoang cach ting qua xa lam cho dién truong gitra ¢au kim phun
va bo thu san pham yéu di, lam luc kéo giam, Iic nay luc kéo CS c6 kha ning nho
hon luc day dung dich 1am xuét hién giot Ién hon trén mang. Vi vay, khoang céch tur
dau kim phun dén b thu san pham trong qua trinh electrospinning ché tao CS dugc

cd dinh tai 20 cm.
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Bdng 3. 4: Anh hwéng ciia khodng cdch dén qua trinh electrospinning

Khoang cach Anh kinh hién vi quang Nhan xét quéa trinh
(cm) hoc phun

C6 nhicu vét, giot, hat
khong déu

16
Thinh thoang cé hat
ran den

18
Hat phun déu, thinh
thoang cé giot nho

20
C6 nhiéu hat to, c6 cac
giot

22
Hat thu duoc trén bo
thu kém, c0 nhiéu giot

24

> Anh hweng téc dé bom dén qué trinh electrospinning ché tqo lép CS

Str dung dung dich CS 1 % khéi luong trong axit acetic 90%, gitr nguyén cac
thong sé bao gom téc do phun 1a 0,2 ml/gio, dién ap dit vao qua trinh 20 kV. Thay
d6i toc do phun 120,1, 0,15, 0,2, 0,25 va 0,3 ml/gio.



Bdng 3. 5:Anh hwéng cia téc dé bom dén qua trinh electrospinning

Téc dd phun (ml/gio) |  Anh kinh hién vi Nhan xét quéa trinh phun
quang hoc ‘ ‘
Hat phun déu, c6 nhiéu can
0,1
Phun kha déu, thinh thoang
cd vét giot nho
0,15
Hat phun déu, thinh thoang
cd vét giot nho
0,2
Thinh thoang cé can, hat to,
vét giot
0,25
Phun kho, c6 cac giot to
0,3

Két qua thu duoc & bang 3.5 cho thiy qua trinh tao hat CS thuan lgi nhét tai
téc d6 bom 1a 0,2 ml/gio. Khi téc d6 bom nho hon 0,2 ml/ gid, qua trinh phun dién
ra khong lién tuc, nguyén nhan dugc cho 1a do luc day ciia bom nho, lwong dung dich

bom ra khéng du cung cip cho dién truong tao hat. Nguoc lai khi lwong dung dich



dugc day ra qua nhiéu (tc d6 bom 16n hon 0,2 ml/gid) gay ra hién tuong dong rin
dau kim phun khi luc dién truong khong du va trén mang sé xuat hién cac giot 16n.
Vi vay, tbc 6 bom trong qua trinh electrospinning ché tao CS duoc ¢ dinh tai 0,2
ml/gio.

Nhu vay, trong nghién ceu ndy lép CS ché tao bing phwong phap
electrospinning véi cac théng sé téi wu 1a: ndng dd CS st dung 1a 1,0 % khdi luong,
tbc d6 bom 1a 0,2 ml/gio, khoang cach 20 cm, va dién ap ap dat 20 kV. Téng thoi
gian phun CS duoc xac dinh 1a 20 gio dé dam bao mang PVDF/GO/CS vai I6p CS
ché tao bang phuong phap khac nhau (phu mang va electrospinning) c6 ty & khdi

lugng CS trén mdi mang 1a bang nhau.

3.4. Panh gia anh huwéng ciia phwong phap ché tao dén kha ning hap phu ciia
mang PVDF/GO/CS

Dé khao sat hiéu suat loc cua mang PVDF/GO/CS véi phuong phéap ché tao 16p
CS khac nhau d3 dugc ché tao ¢ trén, cac mang PVDF, PVDF/GO/CS el (mang loc
V6i 16p CS dugc ché tao bang phuong phap electrospinning), PVDF/GO/CS cast
(mang loc vai 16p CS dugc ché tao bang phuong phap phit mang) duoc loc theo quy
trinh 2.4.1. Trong d6, mot s6 thdng s6 duoc thay doi nhu sau: Trong thi nghiém (a)
giir ¢6 dinh céc théng sé bao gom: thé tich loc 200 ml Mn?* pH = 6, 4p suat loc la 10
kPa, dung dich duoc tuan hoan qua mang lién tiép 5 chu ky véi thoi gian loc khdng
c¢d dinh trong mdi mang. Trong thi nghiém (b), cac thong s6 duoc gitr cd dinh bao
gom: thé tich loc 100 ml Mn2* pH = 6, dung dich duoc tuan hoan lién tiép 5 chu ky
véi mdi chu ky c6 thoi gian loc ¢é dinh 1a 60 phit va cé 4p suat loc thay do6i. Céc
thong sé loc va luu lugng dong chay qua mang theo céc thi nghiém (a) va (b) duoc

trinh bay trong bang 3.6 va hinh 3.2.

Luu lwong dong chay biéu thi thé tich chat long chay qua trong mot don vi
thoi gian. Luu lugng dong chay qua mang PVDF/GO, PVDF/GO/CS el va
PVDF/GO/CS cast dugc xac dinh theo cong thuc [52]:
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v L
/= S.t.p (mz.h. bar
Trong do: J luu lugng dong chay (L/m2.h.bar);

)

S dién tich bé mat mang (m?);
t thoi gian loc cho mot chu ky;
p 1 &p sut (bar);

V thé tich loc qua mang (1).

Bdng 3. 6: Mgt sé thong sé cia thi nghiém (a) va (b) doi véi mang PVDF/GO va

PVDF/GOI/CS
Mang PVDF/GO | PVDF/GOI/CS el | PVDF/GOI/CS cast
V Mn?* (ml) 100 100 100
buong kinh mang 9 9 9
(cm)
Thi nghiém (a)
Ap suat ¢6 dinh(kPa) 10 10 10
Thaoi gian chay thuc 40+ 4 50+ 5 60+ 5

nghiém thuc nghiém

cua mot chu ky (phat)

Thi nghiém (b)

Thoi gian chay ¢o 60 60 60
dinh cta mot chu ky
(phdt)
Ap suat thuc nghiém 5+ 2 7+1 10+ 1
do duoc (kPa)
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Hinh 3. 2: Luu lweng dong chay ciia mang loc PVDF/GO va PVDF/GO/CS theo
thi nghiém (a) va (b)

Hinh 3.2 cho thay luu lwong dong chay qua mang PVDF/GO dat 235,8 (hinh
3.1a) va 314,5 L/m2.ht.bar (hinh 3.1b). So sanh d6i vai ting thi nghiém (a) va (b),
cho thay gi4 tri luu lwong ciia mang PVDF/GO cao nhat trong ba mang loc, do mang
nay c6 cau trdc mot 16p, chi bao gom thanh phan PVDF va GO nén d6 day mang
mong hon so voi cac mang khéac. Khi bo sung thém thanh phan CS, mang
PVDF/GO/CS el cho luu lwgng dong qua mang giam dang ké, dat 188,6 (hinh 3.2a)
va 224,7 L/m2.h™L.bar (hinh 3.2b) do mang PVDF/GO/CS ¢6 céu tric 2 16p nén lam
giam luu lugng dong di qua. Bac biét, mang PVDF/GO/CS cast c6 gi tri luu lugng
dong chay thap nhat dat 157,2 L/m2.h"L.bar duoc cho 1a do mang cé ciu tric 2 16p,
c6 d6 day 16n hon va c6 chira CS nam trong mét phan mao quan ciia mang, nén luu
luong dong qua mang thap hon. Tuy nhién, mang PVDF/GO/CS cast c6 thoi gian loc
kéo dai, s& gitip tang kha nang tiép xuc cia ion kim loai véi mang, tao diéu kién cho
qua trinh hip phu dat hiéu qua hon.

Tir két qua luu luong trén sé danh gia dugc kha nang hap phu cua mang theo

phuong phap ché tao 16p CS trong thi nghiém (a) va (b) theo hinh 3.3.
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Hinh 3. 3: Khd ndng loc hdp phu ciia mang theo phwong phdp tao mang CS (a)
thoi gian lgc ciia chu ky khong cé dinh; (b) thei gian lec ciza méi chu ky ¢é dinh
60 phut

Hinh 3.3a cho thay kha niang hap phu kim loai cia mang PVDF/GO chi dat
11,2% trong thi nghiém (a). Khi dat vao ciing mét ap suat 10 kPa cho chu ky loc, ddi
v6i mang PVDF/GO c6 do day mong hon, chira nhiéu mao quan réng nén luu luong
dong qua mang nhanh hon, thoi gian tiép xtc caa ion kim loai voi mang it di. Vi vay
mang c6 kha nang hap phu kém nhat. Tuy nhién, khi dam bao dugc thoi gian hap phu
cua 1 chu ky 1a 60 phut trong hinh 3.3b, hiéu suat hap phu cia mang PVDF/GO ting,
dat 53,9%, do khi thoi gian tiép xuc ting, ddng nghia véi viéc ting kha ning tiép xdc
cua ion Mn2* véi thanh phan GO ciia mang, gidp hiéu suat hap phu dat hiéu qua toi
vu hon. Co ché loai bo ion kim loai nang bai thanh phan GO do c6 sy tao phuc bé
mat va luc hut tinh dién thé hién trén hinh 3.4. D6i véi kim loai Mn, c6 thé co su
tuong tac tinh di¢n gitra cac ion kim loai v4i nhdm chic nang hydroxyl va carboxyl

trén GO, tuong tu nhu cac kim loai chuyén tiép nhom 11 [53, 54]:

—COOH + Mn?** — —cooMnt + H?t
—0OH + Mn?** — —O0OMn* + H?*

—2C00H + Mn** —— —(COOMn0OOC — + 2H*
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—20H + Mn** —— —0OMnO - + 2H?'

—COOH + Mn**+ —OH —— —-COOMnO - + 2H"
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Hinh 3. 4: Co ché hdp phu ciia GO

Khi b6 sung thém thanh phan CS, kha nang hap phu ion Mn?* ciia mang
PVDF/GO/CS ting 1én. Doi véi 16p CS ché tao bang phuong phép electrospinning,
hiéu suat hip phu ctia mang PVDF/GO/CS el dat 38,6% (hinh 3.2a), véi thoi gian loc
cho mét chu ky la 50 phat. Khi thoi gian loc cho mét chu ky 1a 60 phat (hinh 3.2b),
mang PVDF/GO/CS el dat 74,8%, su khac nhau trén duoc giai thich rang khi ting
thoi gian tiép xGc gitra mang loc hap phu va ion Mn?* giip mang loc ¢ nhiéu thoi
gian bat giir cac ion kim loai, tir d6 hiéu suat hap phu dat hiéu qua hon. Thanh phan
CS ¢6 mit trén mang PVDF/GO/CS el dudi dang hat dugc ché tao bang phuong phap
electrospinning, c6 dién tich bé mat riéng Ion. Tuy nhién CS chi ¢ ¢ phia trén bé mat
mang soi, ma khdng c6 trong cac mao quan cua Iop PVDF/GO, nén dién tich tiép xtic
Vi Mn?* it di, khién hiéu suat hap phu khdng cao. Béi véi mang PVDF/GO/CS cast
& hinh 3.3a va 3.3b str dung &p suét loc 1a 10 kPa tuwong tng vai thai gian loc 60 pht,
c6 kha nang hap phu Mn?* Ién téi 90,7%. Qua trinh ché tao mang PVDF/GO/CS cast
Vé6i 16p CS duoc ché tao bing phuong phap phu mang, s& vira ¢ mot luong nho CS

nam trong mao quan cua sgi PVDF/GO, dong thoi ¢6 ca mot 16p mong CS trén bé
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mat mang soi, gilp ting dién tich tiép xtc voi Mn?*, tir d6 ting kha niang hap phu 1én
cao nhat. Co ché hip phy cua 16p CS trong mang duoc thé hién qua viéc phan tir CS
bit gitr cac ion kim loai nang bang lién két phéi tri duoc hinh thanh gitra cac cap
electron don doc ctia nhdm hydroxyl va nhém amin cia CS véi quy dao tréng cua
cac ion kim loai ning [55]. Co ché hip phu cua mang da 16p PVDF/GO/CS thé hién
hinh 3.5.

7~ Lép PVDF/GO
Lép CS o O
® © o
—>
O "o

O 0

Dung dich sau
loc

Hinh 3. 5: Co ché hdp phu ciia mang leoc PVDF/GO/CS
Tir day, dé tai lua chon phuong phap ché tao l6p chitosan 13 phuwong phap phu
mang dé tao mang hai 16p PVDF/GO/CS cast 12 toi wu nhat. Vi vay ma cac khao séat
tinh chéat hoa Iy cua vat liéu va cac nghién ctru danh gia kha niang loc hap phu Mn?*
dugc thyc hién d6i voi mang PVDF/GO/CS cast véi 16p PVDF/GO ché tao bang
phuong phap electrospinning va 16p CS ché tao bang phuong phap pha mang.

o1



3. 5 Phan tich dic trung cua mang PVDF/GO/CS cast
3.5.1 Pac trung hinh thdi hoc ciia mang se¢i PVDF/GO/CS cast

Hinh 3. 6: (a) Anh SEM mdt cdt ngang mang PVDF/GO/CS cast, (b, ¢) Anh SEM

cua lop trén cung mang composite PVDF/GO/CS cast trwdc va sau khi loc

Hinh thai bé mat ctia mang soi bé miat mang PVDF/GO/CS cast va mat cat ngang
mang soi PVDF/GO/CS cast dugc thé hién trong hinh 3.6. Hinh dnh SEM mit cat
ngang ciia mang PVDF/GO/CS (hinh 3.6a) cho thay phan trén ciing clia mang soi
PVDF/GO dugc nhung trong 16p phii CS, cho thay do bam dinh tuyét voi giita 16p
trén cung CS va 16p PVDF/GO. Duéi tac dung cta lyc hit chan khong, dung dich CS
thAm qua mang. Mot phan CS duoc giit lai trong cac mao quan cua 165p PVDF/GO
v6i mat d6 giam dan tir bé mat duoc phu CS sang phia bén kia ctia mang composite.
Két qua nghién ctru trude day cho thdy, CS va GO c6 thé twong tac voi nhau thong
qua lién két cong hoa tri, lién két hydro hoac tuong tac tinh dién do cdc nhém chuc
phong phu cua chung; vi dy, phan tmg ciia nhoém cacboxyl GO v&1 nhoém amino cia
chitosan [56, 57]. Két qua 1a CS c6 thé gan chit vao bé mit ciia soi PVDF/GO nhu
c6 thé thay trong hinh 3.6a. C6 thé quan sat thdy vét ciia cac soi PVDF/GO trén 16p
trén ciing ciia mang PVDF/GO/CS (hinh 3.6b), cho thiy 16p phii CS twrong d6i mong.
Lép mang PVDF/GOI/CS cast nay c6 chiéu day khoang 120 pm. Anh SEM cua bé
mit trén cing cia mang composite PVDF/GO/CS cast sau khi loc dung dich Mn?*
(hinh 3.6¢) cho thay rd hon hinh dang cta cac soi PVDF/GO bén duéi 16p CS, ching

t6 16p CS c6 thé bi mong di do x6i mon trong qué trinh loc.
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3.5.2 Ddc trung héa hoc ciia mang composite PVDF/GO/CS cast
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Hinh 3. 7: Phé Raman cia (a) mang PVDF/GO, (b) mang composite
PVDF/GOICS cast truéc loc, (¢) mang PVDF, (d) mang composite PVDF/GO/CS
cast sau loc

Hinh 3.7 1a phé Raman cua mang soi PVDF, mang soi PVDF/GO va mang
composite PVDF/GO/CS cast trudc va sau khi loc. Sir dung phd Raman c6 thé kiém
tra dugc su hién dién caa thanh phan GO trong mang sgi PVDF/GO va mang
composite PVDF/GO/CS cast. D& dang quan sat thdy mang soi PVDF/GO trong hinh
3.7a c6 hai dai & 1312 cm? va 1594 cml, twong (ing véi cac dai D va G dic trung
cho ciu tric GO. Dai D dic trung cho su dao dong cua cac nguyén tir cachon ngoai
mit phang tao ra bai cac khuyét tat va bién dang trong cau tric GO, phat sinh trong
qua trinh oxy hda boi phuong phap diéu ché Hummer. Trong khi d6 dai G dic trung
cho cac dao dong cuia cac nguyén tir carbon sp? trong mat phang. Cuong do cua cac
dai D va G dugc quan sét thay trong phd Raman ciia mang composite PVDF/GO/CS
cast (hinh 3.7b) giam déng ké so véi mang soi PVDF/GO. Hon nita, dinh cua hai dai
nay tré nén rong hon va nhiu hon, da chirng minh vé su tuong tic manh mé gita GO
va CS. Tuong tac nay ¢ thé dugc hinh thanh nhu sau: (1) lién két hydro ciia nhém
chtrc CS (-NHz2, -OH) véi nhdm chirc GO (-OH, -C-0, -C=0) [54]; (2) phan ng giira
nhom —NH: cua CS véi nhom —COOH cua GO [55]; (3) tuong tac tinh dién gitra
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nhom mang dién tich duong ctia CS (-NH3") va nhom mang dién tich am cua GO (-
COO) [54]. Két qua 1a cac phan tir CS bao phu hoan toan ciu tric GO, dan dén giam
tin hiéu tan xa Raman. Sau qua trinh loc, cac dai D va G cua GO trong PVDF/GO/CS
cast (hinh 3.7d) van xuét hién véi cuc dai rong nhung cudng do cao hon, diéu nay
dugc cho 12 do si n mon cua I6p CS nhu d3 thay bai anh SEM.

3.5.3 Tinh chdt nhigt ciia mang PVDF/GO/CS cast

Phan tich nhiét trong lugng (TGA) cua cac mau mang PVDF, PVDF/GO va
PVDF/GOI/CS cast dugc phan tich va trinh bay trong hinh 3.8. Két qua cho thay,
mang PVDF 6n dinh nhiét d&én nhiét do 410 °C. O nhiét d6 trén 410 °C mang bt dau
bi phan hay va mac giam trong luong toi da 98,2% khi dat dén nhiét do 705 °C do
cac phan tir hitu co bi nhiét phan hay [56]. Khi b6 sung thém thanh phan GO, do mau
tong hop PVDF/GO chi chaa khoang 4% trong luong cua GO, luong GO trong hén
hop 13 trong ddi nho vi vay mang PVDF/GO duoc tao thanh c6 duong phan huy nhiét
tuong tu nhu doi véi mang soi PVDF. Trong d6, mang PVDF/GO duoc cai thién mot
phan nho do on dinh nhiét trong khoang nhiét d6 522-721 °C do céc tim GO hinh
thanh mot 16p than hoat dong nhu mot 16p cach nhiét va rao can chéng lai sy chuyén

khoi trong qué trinh phan ra nhiét caa cac phan ti polyme [58, 60].
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Hinh 3. 8: TGA cua mang PVDF, PVDF/GO va PVDF/GO/CS
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Hinh 3.8 ciing cho thdy dudng cong TG cua CS biéu thi ba giai doan phan huy
nhiét caa CS, bao géom: giam khéi lugng (13%) do sy bay hoi ctia nudc bi hap phu
va amoniac hinh thanh tir phan ung gitra nhom —-NH; va —H xay ra ¢ nhiét do dudi
228 °C [54], hao hut khdi luong (42%) do phan hay chudi CS va vong glucosamine
tir 228 °C dén 453 °C va hao hut khdi luong (44,1 %) twong tng véi phan huay cac
cau tric con lai thanh H20, CO va CO; & khoang nhiét do 453 °C dén 760 °C. i
v6i mang hdn hop PVDF/GO/CS cast, mau hién thi hai giai doan phan hay nhiét. Giai
doan dau tién chi yéu 1a do sy phan hay nhiét caa thanh phan CS & nhiét do thip hon
410 °C. Giai doan 2 trong khoang nhiét do 410 °C - 644 °C thé hién su hao hut khdi
lwgng va khéi lwong can than cia mang to hop PVDF/GO/CS cao hon so véi mang
soi CS va PVDF/GO. Nguyén nhan c6 thé duoc cho rang cau trdc tinh thé ban dau
cua I6p CS c6 thé bi thay doi sau khi trung hoa bang NaOH, dan dén 1am giam do
cing cua chudi CS [61], tir d6 anh hudong dén do on dinh nhiét chung cua mang

PVDF/GOICS.

3.6 Anh hwéng cia cac thong sé dén dén kha ning hip phu cia mang
PVDF/GO/CS cast
3.6.1 Anh hwong cia thoi gian dén khd néng loc hdp phu ciia mang PVDF/GO/CS

cast

Thoi gian hap phu 1a mot yéu t6 anh huang quan trong tdi kha ning hap phu
cuia mang PVDF/GO/CS cast. Két qua dugc trinh bay trén hinh 3.9.

"/

0.4

Dung lugng hép phu qt (mg/g)

Théi gian ( gio)

Hinh 3. 9: Anh hweng thoi gian dén dung lwong hdp phu
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Tir két qua hinh 3.9 cho biét, khi khao sét thoi gian hap phu tir 1 gio dén 6 gio
thi kha nang hap phu ctia mang loc ting 1én nhanh chong, nguyén nhan I do khi thoi
gian tidng 1én thi cac ion kim loai di vao cac mao quan cua vt liéu hap phu nhiéu hon,
tang thoi gian tiép xuc caa ion véi vat liéu, vi vay ma dung luong hap phu ting 1én.
Tuy nhién, sau thoi gian hap phu 5 gio, kha niang hap phu cia mang dat can bang, cac
tam hap phu trong mang di dat bdo hoa nén du thai gian hap phu c6 dugce ting hon
nita thi dung luong hap phu ciing khong ting 1én dang ké. Do d6, thoi gian hap phu

thich hop 1a 5 gid va duoc chon cho cac nghién ctu tiép theo.

3.6.2 Anh hwéng cia pH dung dich Mn?* dén khd ndéng loc hdp phu cia mang
PVDF/GOI/CS cast

Kha nang hap phu cua vat liéu hap phu d6i vai ion kim loai phu thugc 16n vao
gia tri pH cua dung dich do dién tich bé mat cua chat hap phu va tuong tac tinh dién
giita ion kim loai va chat hap phu thay doi dang ké khi gia tri pH thay d6i. Néu pH
dung dich I6n hon 6, s& c6 sy hinh thanh cac phirc chat cia Mn?* véi OH™ nhu
Mn(OH)*, Mn(OH)2, M(OH)42 [62].

Mn2* + OH —— Mn(OH)*
Mn2* + 40H- — Mn(OH)i
Mn?** + 20H- ——— Mn(0OH),

Gia tri pH nay ciing khong duoc thap qua vi chitosan cd thé hoa tan trong dung
dich nudc cd tinh axit manh din dén that thoat dang ké lugng CS trén mang
composite, anh huéng dén tinh 6n dinh ciia mang. Do d6, trong nghién ctiu ndy, kha
nang hap phu ctia mang composite PVDF/GO/CS duoc khao sét tai cac gia tri pH =
4,5 va 6. Cac thong sb khac duoc gitr khong doi trong qua trinh khao sat anh huong
cua pH dén hiéu suét loc cua mang PVDF/GO/CS bao gom: nong do dung dich Mn?*
1a 3 mg/l, ndng d6 CS 3 % khéi luong, thoi gian loc 5 gio.
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Hinh 3. 10: Anh hwéng ciia pH dén hiéu sudt loc hdp phu ciia mang
PVDF/GOI/CS cast

Hinh 3.10 trinh bay anh huéng cua pH dén hiéu suat hap phu Mn2* cia mang
PVDF/GOI/CS cast. Két qua cho thay, hiéu suat loc hap phu ting theo chiéu ting cua
gia tri pH lan luot pH ¢ 4, 5, 6 12 57,8%, 79,7%, va 90,7%. O pH thap, nong d6 H*
trong dung dich cao, nhdm —NH. cua CS dé dang bi proton hda tao nhdm —NHs".
Nhom —NHs* mang dién tich dwong tao luc ddy tinh dién dbi vai cac ion Mn2*, do d6
lam giam cac tam hap phu cia mang ddi véi Mn?*, Két qua 1a hiéu suét loc hap phu
cuia mang PVDF phi GO va CS ¢ pH 4 1a thap nhat. O pH=6 mang cho két qua hiéu
suat loc hap phu cao nhat (90,7%).

Bén canh d6 mdi quan hé gitra pHpz va co ché hip phu Mn?* trén mang
PVDF/GO/CS cast ciing da duoc dé cap dén trong nghién ctu ndy. pHpze cta chat
hap phu I gié tri pH ma dién tich bé mat caa chat hap phu bang 0. Gia tri pHpzc cua
mang PVDF/GOI/CS cast 3 % khéi luong (hinh 3.11) dugc xac dinh 1a 6,3. Vi vay,
gia tri pH cho nghién ctru hap phu Mn?* gan véi gié tri pHpzc cia mang PVDF/GO/CS
cast, chirng to co ché hap phu Mn2* chinh trén mang PVDF/GOICS cast |4 su trao doi
ion va phan wng phuc tap gitta Mn?* va cac nhém chuc cia CS va GO. Su hap phu
Mn2* lién quan dén luc hut tinh dién it duoc wu tién hon. Vi vy trong nghién ciu

nay, pH dung dich Mn2* 12 6 cho hiéu qua loc hap phu tét nhat.
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Hinh 3. 11: Xdc dinh pHpzc ciia mang PVDF/GO/CS cast
3.6.3 Anh hwéng ciia néng dé CS dén khd nang hdp phu ciia mang PVDF/GO/CS

Khao sat hiéu suat hap phu cia mang PVDF/GO/CS cast theo nong d6 dung
dich CS sir dung véi 16p mang CS dugc ché tao bang phuong phap phi mang. Khi
d6, CS duoc pha thanh cac dung dich c6 nong do khac nhau 1; 2; 3; 4 va 5 % khdi
lugng trong axit axetic 2%. Do st dung dung dich CS véi cac nong do khac nhau, do
nhét cua chiing khéac nhau, vi vay n6 sé anh huéng dén lugng CS nam trong mao quan
mang sgi PVDF/GO ciing nhu chiéu day I6p mang CS trén bé mat, tir d6 anh huong
dén hiéu suat loc cua mang. Cac thdng sé khac dugc giit khong doi trong qué trinh
khao sat anh huong cta ndng do dung dich CS dén hiéu suat loc cia mang
PVDF/GOI/CS cast: nong do dung dich Mn?* 3 mg/l, pH = 6, thoi gian loc 5 gio.
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Hinh 3. 12: Anh hwéng ciia néng dé CS dén hiéu sudt loc hdp phu ciia mang
PVDF/GOI/CS cast

58



Hinh 3.12 biéu dién anh huéng cua ndng do dung dich CS dén hiéu suat loc hap
phu caa mang PVDF/GO/CS cast. O nong do CS 1 % khéi lugng, hiéu suat loc hap
phu ciia mang PVDF/GO/CS cast thap, chi dat 54,5%. Khi ting dan nong do CS tir 1
dén 3 % khéi lwong, hiéu suat loc ting dang ké, dat 90,7 % va giam dan khi tiép tuc
ting ndng d6 CS. Ly do 1a & nong dd CS thip nghia 1a d6 nhét cua dung dich thap,
khi @6 dung dich CS dé dang di qua 16p mang PVDF/GO va chi ¢ mét luong nho
CS dugc giit lai trong mao quan caa 16p mang PVDF/GO. Khi ting nong d6 CS 1én
3 % khdi lugng, luong CS duoc giir lai trong mao quan mang PVDF/GO nhiéu hon,
tao nhiéu tim hap phu Mn?* trong mang hon ma vin dam bao d6 xdp thich hop dé
dung dich Mn?* tiép xdc véi thm hap phu mot cach hiéu qua nhat. Vi vay ma hiéu
suat loc Mn?* cia mang PVDF/GO/CS cast véi lugng CS sir dung 3 % khéi luong 1a
cao nhat. Tuy nhién, néu tiép tuc ting nong do CS 1én trén 3 % khdi lugng thi luong
CS bi giir lai trong mao quan ciia mang PVDF/GO nhiéu hon, 1am bit cac 16 mao
quan lai, 1am giam d6 x6p cua mang dong thoi 1am giam kha nang tiép xuc caa dung
dich Mn?* véi tam hap phu trong mang. Tir d6, hiéu suét loc hap phu cia mang bi
giam dan tai ndng do CS str dung 4 va 5 % khdi luong. Vi vay, ndong do CS 3 % khéi

lugng duoc lua chon cho céc nghién ctu tiép theo.

3.6.4 Anh hwong cia néng dép Mn?* dén kha ndng loc hdp phu cia mang
PVDF/GOI/CS cast

Hinh 3.13 1a d6 thi biéu dién méi quan hé giita hiéu suat loc hap phu ciia mang
PVDF/GOI/CS cast theo ndng do dung dich Mn2*. Néng d6 dung dich Mn?* duoc thay
d6i trong khoang tir 2 + 6 mg/l, cac thdng s6 khac dugc giit khdng d6i bao gom: nong
d6 dung dich CS dé tao I6p mang phia PVDF/GO 1a 3 % khdi lwong, dung dich Mn2*
pH = 6, thoi gian loc 5 gio.

Kha ning loai bd Mn?* cua mang loc PVDF/GO/CS cast 3 % khéi lwong theo
nong d6 Mn?* duoc thé hién trén hinh 3.13. Hiéu suat loc hap phu Mn?* ciia mang
thay d6i theo nong d6 dung dich Mn?* ban dau. Khi néng do dung dich Mn?* ban dau
1a 2,37 mg/l thi kha ning hap phu dat 89,5%. Hiéu suat dat cuc dai 90,7% khi nong
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d6 dung dich Mn?* 1a 2,9 mg/l va s& giam dan khi tiép tuc ting néng d6 dung dich
Mn2*. Tai ndng d6 Mn2* 16n nhat 5,94 mg/l thi hiéu suat hap phu chi con 58,3%.
Nguyén nhan 14 khi d6 mang da dat dén dung lwong hap phu cuc dai, thi tiép tuc ting
ndng d6 dung dich Mn?* ciing khong lam ting lwong chat hap phu trén mang. Tir d6

ma hiéu suat loc hap phu ciia mang d6i véi cac dung dich c6 ndng do Mn?* 16n bi

giam.
100
_ I
=
2 80+
(=¥
“®
=
(*]
= 704
o=
2
& 60-
=
50 " " " L]
2 3 4 5 6

Nong dd Mn?* (mg/L)
Hinh 3. 13: Anh hwéng cia néng dé Mn?* dén hiéu suat lpc ciia mang
PVDF/GOICS cast

3.6.5 Puwong ding nhiét hip phu

Dua trén khao sat kha ning loc hip phu Mn2* caa mang PVDF/GO/CS cast theo
ndng d6 dung dich Mn?* (muc 3.6.4). Tai thoi diém can bang c6 thé tinh duoc céc gia tri
InCe, INQe, Ce/Qe Va Xay dung phuong trinh dang nhiét hap phu Langmuir (hinh 3.14) va
Freudlich (hinh 3.15).

Bdng 3. 7: Thong sé ciia phwong trinh Langmuir va Freundlich

M® hinh Langmuir M® hinh Freundlich
Q. (MY/Q) b R K 1/n R
1,22 0,82 0.9678 1,19 0.2191 0.4392
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Phwong trinh Langmuir
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Hinh 3. 14: Phwong trinh ding nhiét hdap phu Langmuir ciza mang
PVDF/GOI/CS 3 % khéi lweng déi véi dung dich Mn?*
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Hinh 3. 15: Phurong trinh dang nhiét hap phu Freundlich ciia mang
PVDF/GO/CS 3 % khai lweng déi véi dung dich Mn?*

Tir két qua trong bang 3.3 ¢6 thé thay hé s R% caa md hinh Langmuir c6 két
qua tién gan dén 1 hon so v6i md hinh Freundlich. Do d6 c6 thé két luan rang qué
trinh hap phu Mn?* bai mang PVDF/GO/CS cast phl hop véi mé hinh dang nhiét
Langmuir hon.

Pé xac dinh qué trinh hdp phu Mn?* bang mang da 16p PVDF/GO/CS cast ¢6
phu hop véi dang hap phu don 16p theo md ta cuia md hinh dang nhiét hip phu
Langmuir hay khdng, nghién ciu dua ra théng sé R. dé danh gia mic d6 phd hop

ctia mé hinh Langmuir. Tham sé R duoc tinh theo ndng d6 dau (Co) nhu sau [63]:
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R =
1+K.C,

Tham s6 Rv theo bang 3.8 dugc dua ra dé danh gia mac d6 phd hop cua md
hinh hap phu Langmuir.

Bdng 3. 8: Phan logi sw phil hep ciia mé hinh ding nhiét bang tham sé R. [63]

Giatri R Dang mé hinh ding nhiét
R.>1 Khéng phu hop
RL=1 Tuyén tinh

O0<RL<1 Phu hop
RL=0 Khong thuan nghich

Bdng 3. 9: Gia tri tham sé can bang Ry ciza qua trinh hdp phu Mn?*¢ cac nong

d¢ khac nhau

Co(mg/l) | 237 2.9 4,19 5,84 5,94

RL 0,339 0,296 0,225 0,172 0,170

Tir gid tri tham s6 Ry tinh toan dugc trong bang 3.5 cho thay gia tri nay trong
khoang tir 0,170 — 0,339 déu nho hon 1 nén c6 thé xac dinh dugc md hinh dang nhiét
Langmuir la pht hop vai qué trinh hap phu Mn?* bang mang PVDF/GO/CS cast.

3.6.6 Pdnh gid khd nang loc hap phu Mn?* ciia mang PVDF/GO/CS cast trén mau

nwdc thuc

Mau nuéc thyc nhiém Mn?* duogc lay tai s6 19 thon 1 xa Quang Bi, Chuong
My, Ha Noi theo TCVN 6663-11:2022 (ISO 5667=11:2009) c6 néng do Mn?* 145,72
mg/l. Mau nuéc nay duoc loc qua mang PVDF/GO/CS cast & cac diéu kién sau: 16p

CS duoc ché tao bang phuong phap phi mang, ndng d6 CS sir dung 3 % khdi lugng,
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pH dung dich Mn?* = 6, thoi gian loc 5 gid. Dich loc thu dugc & mang loc thir nhat
tiép tuc duoc loc qua mang PVDF/GO/CS thir 2 & cung diéu kién. Sau mdi lan loc,
dich loc duoc phén tich xac dinh ndng do Mn?* con lai trong dich loc. Két qua vé

ndng d6 Mn?* trong dung dich sau mdi lan loc dugc thé hién trén hinh 3.16.
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Hinh 3. 16: Loc hdp phu Mn?* ciza mang PVDF/GO/CS cast trén mdu nuwéc thuc

Két qua cho thay, o lan loc qua mang thir 1, ndng do Mn?* trong mau nudc thyc
giam tir 5,72 mg/l xuéng 1,07 mg/l. O lan loc thir 2, ndng dd6 Mn?* tiép tuc giam
xudng con 0,38 mg/l. Hiéu suat loc hap phu dbi véi mau nude thuc chira Mn?* cia
mang PVDF/GO/CS cast thip hon so véi dung dich Mn2* trong céc khao sét trong
phong thi nghiém. Diéu nay cé thé la do trong mau nudc thuc con chira nhiéu loai ion
kim loai khac, khi d6 xay ra su hap phu canh tranh giira cac ion kim loai trén c4c tam
hip phu hoat dong ciia mang loc, 1am giam kha ning hap phu déi voi Mn2*,
3.2.7 Danh gia kha nang tdai sinh mang PVDF/GO/CS cast

Tai sinh chat hap phu 1a yéu té rat quan trong trong qua trinh sir dung chat hap
phu. Céc chu ky hap phu/giai hap cia mang PVDF/GO/CS cast dugc thuc hién dé
danh gia kha nang tai str dung ctia mang. Qua trinh giai hip cua mang PVDF/GO/CS
cast duoc thuc hién bang HCI 10°M trong 1 gid. Sau d6 tién hanh loc hap phu voi
c4c thong s6 duoc ¢ dinh 1a: mang PVDF/GO/CS vai 16p CS duoc ché tao bang
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phuong phap pht mang vai nong do CS st dung 3 % khdi lugng, nong d6 Mn?* 1a 3
mg/l c6 pH = 6 va thoi gian loc 1a 5 gio.

100 +

Hiéu suit loc hip phu (%)

Hinh 3. 17: Hiéu sudt lgc hdp phu Mn2* ciia mang PVDF/GO/CS cast sau cac
lan tai sinh

Két qua hiéu suat loc hap phu qua bbn chu ky hap phu/giai hap Mn?* trén mang
PVDF/GOI/CS cast dugc thé hién trong hinh 3.17. Khi sé chu ky tang 1én, kha ning
hap phu cua soi nano dbi véi ion kim loai giam dan va giam tir 90% xuéng con 64,9%
sau 4 chu ky hap phu/giai hap. Hiéu suat loc hap phu caa mang giam dan sau mdi chu
Ky 6 thé do qué trinh giai hap phu chua dién ra triét dé dé giai phong hoan toan tam
hap phu. Nguyén nhan tht hai ¢ thé do sy s6i mon cua Iop CS trong diéu kién giai
hap phu trong méi truong acid nhe. Diéu nay c6 thé dugc quan sat thay trén anh SEM
& hinh 3.5. Tuy nhién, hiéu suat loc hip phu ctia mang dugc duy tri on dinh trong
khoang 65% & chu ky loc hip phu tht 3 va thi 4.
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KET LUAN VA KHUYEN NGHI

Qua qué trinh nghién ctru thuc nghiém, dé tai “Nghién ctu ché tao mang loc da
l6p trén co s& Polyvinylidene fluoride/Graphene oxide/Chitosan bang phwong phap
electrospinning, ang dung loai bo ion kim loai ning trong nuéc” da thu dugc két qua

Sau:

1. D3 ché tao thanh céng mang da 16p PVDF/GO/CS bang phuong phap
electrospinning két hop phwong phap phi mang.

2. Mang PVDF/GOI/CS cast cho hiéu suat loc hap phu cao nhat (90,7%) véi
lwu lwong dong 1a 157,2 L/m2.h™.bar, & cac diéu kién loc hip phu vai nong
d6 Mn%*= 2,9 mg/l & pH=6, ndng d6 CS su dung 1a 3 % khdi luong va thoi
gian loc hap phu 14 5 gio.

3. Mang PVDF/GOI/CS cast c6 kha ning tai sinh, dat hiéu suat loc 65% sau chu
ky thit 4.

4. Mang PVDF/GO/CS cast di khao sat hap phu ion Mn2+ trong mau nuéc
thuc tai Quang Bi, Chuong My, Ha Noi: nong d6 Mn2+ giam tir 5,72 mg/I

xudng con 0,38 mg/l.

Tuy nhién, bén canh nhitng két qua da dat duoc, dé tai luan van van con nhiéu

dinh huéng c6 tiém ning dé tiép tuc nghién ctu, bao gom:

- Tiép tuc nghién ctru kha nang loai bo mot sé ion kim loai niang khac nhu Cu?*,
Pb?*, v.v... trén mang PVDF/GO/CS cast.
- Nghién ctu str dung mang PVDF/GO/CS cast loc loai b cac hop chat mau
(thubc nhudom), loc vi khuan.
- Ung dung mang PVDF/GO/CS cast xt ly ngudn nuéce thai dang nhidm kim
loai nang. Ap dung mang loc nay dé xir Iy mot s6 mau nuée thuc nhiém kim loai nang
& nudce ta. Phat trién va cai tién mang loc da 16p PVDF/GO/CS dé ng dung trong

thuc té.
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