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NGHIEN CUPU CHE TAO VA DANH GIA KHA NANG HAP PHU
ASEN CUA MANG SOI POLY (VINYLDIENE FLOURIDE)/

GRAPHENE OXIDE

RESEARCH ON FABRICATION AND ARSENIC ADSORPTION
OF POLY (VINYLDIENE FLOURIDE)/GRAPHENE OXIDE NANOFIBER MATS

TOM TAT

Trong nghién ctu nay, mang soi poly (vinyldiene fluoride) (PVDF) ¢6 chira
graphene oxide (GO) duoc ché tao béng phirong phép kéo soi dién trong quay. Dic
trung hinh théi hoc va déc trng hda hoc clia mang soi PVDF/GO dugc kiém tra dua
trén anh hién vi dién tir quét (SEM) va phd hdng ngoai bién ddi Fourier (FTIR).
Két qua cho thdy, soi PVDF chira 2% khi long GO ¢6 duang kinh trong khoang
3+ 3,5um, b mét soi khong nhdn min ma hinh thanh céc mao quan nhd. Tinh
chat co Iy clia mang soi PVDF/GO (2 wt%) dliroc danh gia bang dd bén kéo dit (dat
3,24MPa) va d6 dén dai khi dit (dat 28,55%). Kho sat khd nang hdp phu cllamang
s0i v6i As” trong dung dich nudc cho thay dung lrgng hdp phu As** trén 1g mang
s0i PVDF/GO (2 wt%) téng theo ndng do As™ trong dung dich. Khi nng do dung
dich As™* a.1000ug/! thi kha nang hép phu dat 474,97ug As”* /g mang soi. Diéu nay
cho thay duroc kha ndng (ing dung cliamang soi PVDF/GO (2 wt%) trong viéc x Iy
c&c ngudn nuée nhiém asen & cac khu virc clia Viét Nam.

Tir khéa: Soi nano, electrospinning, graphene oxide, hap phu asen.

ABSTRACT

In this study, poly (vinyldiene fluoride) (PVDF) nanofiber mats containing
graphene oxide was fabricated by electrospinning method. Characteristics of
morphology and chemistry of PVDF/GO nanofiber mats were examined by
Scanning Electron Microscopy (SEM) and Fourier Transform Infrared (FTIR)
Spectroscopy, respectively. These results show that PVDF nanofibers containing 2
wt% GO had diameter in range of 3.0 =+ 3.5um with rough surface. Mechanical
properties of PVDF/GO (2 wt%) were characterized by tensile strength of 3,24
MPa and elongation of 28,55%. Capacity of arsenic adsorption of PVDF/GO (2
wt%) was carried out with different As** concentrations. It was shown that
increase of As®* concentration led to increasing adsorption efficiency. When the
concentration of As™ solution was 1000yg/l, 1g of the PVDF/GO (2 wt%)
nanofiber mat would adsorb 474,97ug As**. From these results, the prepared
PVDF/GO nanofiber mats have shown a great potential to remove arsenic in
water resource containing arsenic in Vietnam.

Keywords: Nanofibers, electrospinning, graphene oxide, arsenic adsorption.
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1.GIOI THIEU

Trong tuw nhién, asen la thanh phan cla I¢p tram tich vé
trai dat nén thuwong c6 mat trong tang nuwéc ngam va nuwéc
bé mat & ham lvgng thap. Tuy nhién, & mot s6 khu vuc do
I6p tram tich c6 cau trac, thanh phan hoéa hoc thuan lgi cho
viéc hoa tan asen tir dat nén ham lwgng asen trong nuwéc
ngam rat cao. O nhiém asen trong nuéc ngadm da duoc
phat hién & nhiéu nuoéc trén thé giéi nhw Trung Qudc, Viét
Nam, Chile, Campuchia... Theo bdo cdo quéc gia v&é moi
trwvong doé thi nam 2017 clia BO Tai nguyén va Moi truong
thi riéng & Ha Noi, qua kiém tra &y mau dinh ky vé 6 nhiém
asen tai 34 diém la cac hd dan séng gan 13 nha may nwéc
chinh va 4 tram cdp nwéc dang hoat dong trén dia ban
thanh phd thi c6 46% cac dia diém ldy mau c6 ham lvong
asen lién tuc vugt qua tiéu chuan cho phép clia WHO va
tiéu chudn Viét Nam [1]. N&u st dung nuwéc nhiém asen dé
udng sé gay ngd doc man tinh vé lau dai s& dan dén gay
hoai ti, ri loai sic t6 da, tham chi lién quan dén bénh tiéu
dwong, tim mach, ung thu bang quang, ung thv gan. Do
do, can phai loai bo asen khéi cac ngudn nuéc dén gidi han
cho phép truée khi dwoc s dung cho sinh hoat. Theo
QCVN 02:2009/BYT vé chat lvgng nudce sinh hoat thi gii
han t6i da cho phép ctia ham lwgng asen tong la 0,01 ppm
dodi v6i cac co s cung cdp nuwdc va 0,05 d6i véi cac hinh
thirc khai thac nwéc ctia hd gia dinh.

Hién nay c6 nhiéu phuong phap x& Iy nwéc nhiém kim
loai ndng trong nwéc nhu phuong phap két tha, hap phu,
trao déi ion, dién hoa, sinh hoc, str dung mang loc... Tuy
nhién hiéu qua cua trng phuong phap con phu thuéc vao
nong do kim loai ndng trong nwéc can xt ly. Trong s6 cac
phuong phap ké trén, hdp phu la phuong phap duoc st
dung phd bién do dé hoat ddng, hiéu qua cao va gia thanh
thap. Gan day, céc vat liéu st dung cho ki thuat hap phu
loai bd ion kim loai dwoc chi y dén la cac oxit kim loai kich
thudc nano, 6ng nano cacbon, dan xuét clia graphene nhu
graphene oxide (GO). GO c6 nhiéu vu diém nhv dién tich
bé mat riéng Ién (2630 m?/g) [2], tinh chat hda hoc dn dinh
va c6 kha nang tai sinh. Bac biét GO s& hitru nhiéu nhém
chirc trén bé mét, kha nang phan tan tét trong nuéc nén da
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dugc nhiéu nhdm nghién cttu lam chat hap phu dé loai bo
thu6c nhudm, cation kim loai, phan t& sinh hoc va duoc
pham tlr nuéc bi 6 nhiém. Wu va cong s [3] d4 thir nghiém
kha ndng hap phu ctia GO d6i véi dung dich Cu?* & ndéng
do 1 mg/ml. Két qua cho thdy dung lvgng hap phu cuc dai
dat 117,5 mg/g tai pH bang 5,3 va thoi gian tiép x(c can
bang la 150 phat. Nném tac gia Nguyén Hitu Hiéu [4] da
téng hop nanocomposite Fe,0, theo phuong phap phoi
tron huyén phd. Theo mé hinh hdp phu dang nhiét
Langmuir thi dung lvgng hap phu cuc dai cla vat liéu nay
déi véi Pb?* 1a 54,64 mg/g.

Trong nghién cru nay, GO dwgc mang trén cac sgi poly
(vinyldiene fluoride) (PVDF) dugc ché tao bang phuong
phap kéo sgi dién tredng quay. Phirong phap nay cho phép
tao ra cac mang sgi v6i kich thuéc sgi nhé (vai nano mét
dén vai micro mét), dién tich bé mat riéng Ién, dd x6p Ion,
kich thuéc mao quan hep. GO dwoc phan tan trén sgi PVDF
gilp lam tadng kha nang ti€p xuc clia GO véi mdi trvong va
thu hdi dé dang sau khi st dung. Hé théng kéo sgi dién
tred'ng quay bao gdm mot xy lanh chira dung dich polyme
¢ gén voi kim phun dugc néi voi dién ap cao va bd thu san
pham dugc ndi véi dat. Dung dich trong xy lanh dwgc bom
lién tuc véi téc do thap sé tao thanh giot dung dich hinh
ban cau & dau kim phun va chuyén thanh nén Taylor khi
dién &p cao duoc ap dat vao. O mot dién ap téi uu, lyc dién
truong sinh ra gitra dau kim phun va bd thu san pham
thang duwoc strc cdng bé mat ca giot dung dich tao thanh
dong polime di chuyén dén bé thu san pham. Trong quéa
trinh di chuyén dong polime trai qua giai doan bat on dinh,
dan dai va bay hoi dung moi. Két qua la cac sgi nano
polime tap trung va thu dwgc & bd thu san pham. Cac
thong s6 hé thdng anh huéng dén qua trinh bao gdm khéi
lugng phan tir polime, dd nhdt, dd dan dién, stc cing bé
mat va hang sd dién méi. Ngoai ra con cé anh huéng clia
cac thong sO qua trinh nhw dién ap, téc do cdp liéu va
khoang cach tlr dau kim phun dén bo thu san pham [5,6].

Mang sgi PVDF/GO dugc xac dinh dadc trung hinh thai
bang anh SEM va dic treng hda hoc bang phé FTIR. Tinh
chat co ly ctia mang dugc danh gia bang cwdong dd chiu
nén va dé gian dai khi dit. Kha nang hap phu clia mang soi
PVDF/GO d6i voi As®* dwoc khao sat theo thoi gian va theo
ndng do dung dich As®".

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén vat liéu

Graphit (tinh khiét 99,99%, Han Qudc), Polyvinyldiene
flouride (Kynar@761, Han Qudc), dimethylformamide
(Trung Qudc), axetone (Trung Qudc), dung dich chuan
As(V) 1000 ppm (Merk).

2.2. Phuong phép tong hop

2.1.1. Tong hop GO tir graphit

GO dugc téng hop tir graphit bang phuong phéap
Hummer bién tinh theo qui trinh trong [7].

2.1.2. Ché tao mang sgi PVDF/GO

Can khéi lvong PVDF va b6 sung dung mdi 1a hén hop
clia DMF/acetone ti 1€ 3/1 sao cho thu dwgc dung dich
polyme c6 nong dé 15% khdi lwvgng. Thém 2% khéi lvong

cha GO so v&i PVDF vao hon hop rdi tién hanh khudy tron
trén may khudy tir c6 gia nhiét dén khoang 60°C dé tao
thanh hon hgp déng nhét. Tiép tuc rung siéu am hon hop
trong bé siéu &m bang nudc trong 20 phuat dé giup GO
phan tan dong déu trong dung dich PVDF.

Hé thdng kéo soi dién truong quay dugc 1ap dat nhu hinh
1. Cho dung dich PVDF/GO chuén bj & bwdc trén vao xy lanh
nhya dung tich 10ml. Dau xy lanh duoc I&p véi kim phun
bang kim loai c6 dwong kinh 22 gauss. Dt xy lanh 1én bom
va diéu chinh bom véi téc dd 1mi/h. N6i kim phun véi nguén
cung cép dién ap 8kV. Pat tdm thu san pham sao cho
khoang cach tir dau kim phun dén b thu san pham la 13cm.

Hinh 1. Hé thiét bi kéo soi dién trudng quay
2.3. Phan tich cac tinh chat héa ly ctia vat liéu

Hinh thai sgi PVDF/GO dugc xac dinh bang anh SEM
chup tai Vién K§ thuét Nhiét dai, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam trén may SM-6510LV - Jeol - Nhat Ban.

Pic trung hda hoc clia mang soi dugc xac dinh bang
pho Hoéng ngoai bién déi Fouier st dung thiét bi Shimadzu
FTIR Afinity 1S tai Khoa Hoéa hoc, truong Bai hoc Khoa hoc
tw nhién, Bai hoc Quéc gia Ha Noi.

D06 bén co hoc clia mang soi bao gom dd bén kéo va do
déan dai khi dit duoc xac dinh trén may Zwick Z2.5 cla Bai
Loan, tai Vién Ky thuat Nhiét déi, Vién Han lam Khoa hoc va
Cong nghé Viét Nam, theo tiéu chuén ISO/DIN 527-1 véi t6c
do kéo 5 mm/phut, & 25°C.

Nong d6 dung dich As** dwgc do trén may quang phé
AAS 630 Shimadzu - Nhat Ban, tai Vién Ky thuat Nhiét déi,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.

2.4. banh gia kha ndng hap phu As* clla mang soi
PVDF/GO

Kha nang hdp phu ctia mang soi déi voi ion As®* duoc
thuc hién dya trén cac thong s6 bao gom thoi gian hap phu
(tlr 20 phat dén 90 phat) va ndng do ban dau clia As®™ (tir
0,1 dén 0,7mg/).

Can chinh xac 0,1g mang s¢i PVDF/GO cho vao c6c
dung 50ml dung dich As® da chuan bi theo ding néng do
khao sat va trong cac khoang thoi gian khac nhau. Nong do
clia As®* trong dung dich sau khi hdp phu dwoc do bang
phuong phap AAS.
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3. KET QUA VA THAO LUAN
3.1. Bac treng hoa hoc cila mang soi PVDF/GO

Ph6 FTIR clia mang sgi PVDF va PVDF/GO (2 wt%) duoc
thé hién trén hinh 2.
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Hinh 2. Phd FTIR clia mang soi (a) PVDF va (b) PVDF/GO (2 wt%)

Pho FTIR clia mang sgi PVDF (hinh 2a) xuat hién cac pic
dac trung véi cwong ddé manh cho dao dong cdia nhém CH,
va CF, tai cac s6 séng 1400,32cm™; 1172,72cm™ va
875,68cm™. Trén ph6 FTIR clia mang sgi PVDF/GO (2 wt%)
ciing chi xudt hién cac pic nay ma khdng thay xuat hién céc
pic dac treng cho dao ddng cla cdc nhom chic cda GO.
bigu nay cho thdy rang, GO bi che phu bdi chinh PVDF
trong compozit nén lvgng GO nam trén bé mat soi kho bi
phét hién do gi¢i han dd nhay cla thiét bi phan tich FTIR.
3.2. Hinh thai cia mang soi PVDF/GO (2 wt%)

Hinh thai sgi bao gdém hinh dang sgi, kich thudc soi va
bé mat soi clia sgi PVDF va PVDF/GO (2 wt%) dwgc quan sat
bang anh SEM (hinh 3).

88 | Tap chi KHOAHOC & CONG NGHE @ S6 52.2019



SCIENCE TECHNOLOGY

Quan sat hinh théi cac sgi PVDF, PVDF/GO (2 wt%) ta
théy rang, sgi compozit ¢ dudng kinh sgi to hon va phan
b6 dudng kinh sgi dong déu hon so véi sgi PVDF. Cac soi
compozit cé dudng kinh trong khoang 3,0um dén 3,5um.
Piéu nay cho thdy, si ¢ mat ctia GO trong dung dich PVDF
c6 thé dan dén sy thay d6i kha ning dan dién va do nhot
cla dung dich PVDF, tir dé anh huéng dén qua trinh tao soi
cla dung dich nay.

Pac biét, bé mat cta cac soi PVDF va PVDF/GO 2% déu
khong nh&n min ma xu xi, hinh thanh cac mao quan nho
trén bé mat sgi. Cau triic nay duoc goi la cdu trdc mao quan
bé mat. Hién twong nay xay ra la do sv phan tach pha trong
qué trinh bay hoi chuyén tir dung dich vé trang thai soi ran
dwéi anh hudng clia loai dung méi st dung va doé 4m clia
moi treong [8, 9]. H& dung moi dugc st dung la hén hop
clia mdt dung mdi dé bay hoi (axeton) va mot dung moi
kho bay hoi (DMF) trong diéu kién dd dm cao (trén 70%). Sy
phan tach pha xay ra béi s lam lanh do bay hoi va su tang
dan noéng dd dung dich polime khi dong dung dich di
chuyén tir dau kim phun dén bd thu. Mét pha chi y&u ndm
trén b& mat dong dung dich khé nhanh va 6n dinh tao 16p
mao quan bén ngoai, con mét pha nam trong dong dung
dich déng ran sau cung tao khéi 16i cia soi. Si lam lanh do
bay hoi clia dong dung dich ciing dan dén hoi nudc trong
khong khi ngung tu thanh giot trén bé mat soi. Khi soi kho,
nhitng giot nay bay hoi va dé lai mao quan trén bé mét soi.
S hinh thanh mao quan trén bé mat sgi lam tang dién tich
bé mét clla mang soi va tir d6 cé thé lam tang kha nang
hap phu asen clia mang sgi compozit.

3.3. Tinh chat co ly ctia mang sgi PVDF/GO 2 wt%

Bang 1 thé hién tinh chat co Iy clla mang sgi PVDF va
PVDF/GO (2 wt%) v&i cac thong s6 do bén kéo dit va do
gian dai khi dut.

Béng 1. Tinh chét co Iy cia mang soi PVDF va PVDF/GO

; ~ . |DPonvi Mau
Tinhchatcoly | ., - - - -
tinh | Mangsoi PVDF | Mang soi PVDF/GO (2 wt%)
Do bénkéodit | MPa 324 513
b0 gin dai % 28,55 50,67

Két qua do tinh chét co ly cho thady, do bén kéo duit va
dd gidn dai khi drt cia mang sgi PVDF/GO (2 wt%) cao hon
so v&i mang PVDF. Biéu nay hoan toan hgp Iy vi graphene
duwoc biét dén la mot loai vat liéu cé do bén co ly cao, c6 vai
tro gia cuwong cho vat liéu.
3.4. banh gia kha ndng hap phu As® clla mang soi
PVDF/GO 2 wt%

3.4.1. Khao sat kha nang hap phu theo thoi gian

Can chinh x&c 0,10g mang sgi PVDF/GO (2 wt%) va cho
vao céc cAc thay tinh c6 chira 50ml dung dich ion As®* néng
dd 1mg/l va khudy trong thoi gian la 20; 40; 60; 90 phut. Sau
khoang thoi gian khao sat, 1dy mang sgi ra va dem dung dich
sau hdp phu di do ndng dé As®* bang phuong phap AAS. Két
gua do nodng d6 dung dich As* sau hap phu (C,) trong cac
thoi gian khac nhau dugc thé hién trén bang 2.

Bang 2. K&t qua khao sat kha ndng hép phu As™ cla mang PVDF/GO
(2 wt%) theo thoi gian

N , NOng dd As** (mg/l)
Thoi gian hap phu (phut)
C C,
20 10 0,056
40 1,0 0,053
60 1,0 0,053
920 1,0 0,053

Nhu vay, sau thoi gian 20 phat thi mang PVDF/GO (2
wt%) da dat dén trang thai hdp phu béo hoa (hap phu can
bang) va c6 thé 1am gidm ndng dod dung dich As* tir Img/I
xuéng con 0,053mg/I.

3.4.2. Khao sat kha nang hap phu theo néng dé dung
dich As®

Can chinh xac 0,10 g mang s¢i PVDF/GO (2 wt%) cho
vao céc coc thiy tinh ¢é chita 50ml dung dich ion As®* véi
cac nong doé 0,1mg/l; 0,3mg/l; 0,5mg/I; 0,7mg/l va 1Img/l va
khudy trong thoi gian la 20 phat. Sau dé lay mang sgi ra va
dem dung dich sau hdp phu di do néng dd As® bang
phuong phap AAS. K&t qua do ndong doé dung dich As®* sau
hap phu (C,) dwoc thé hién trén bang 3.

Dung lvong hdp phu khi dat can bang duoc tinh theo
cdng thirc sau;

Trong dé:

g.: Dung lvgng chét bi hap phu trén 1g mau (mg/g)

C,. Néng do ban dau ctia dung dich As>* (mg/l)

C.. Nong dé dung dich As**dat can bang hap phu (mg/l)

a: Lwvgng chat hap phu (g)

V: Thé tich dung dich hap phu (lit)

Bang 3. Két qua khao sat kha ndng hap phu As™* clia mang PVDF/GO (2
wt%) theondng do

NOng do As™ trudc hap NOng do As™ sau hédp 0..10°
phu G, (mg/l) phu C. (mg/l) (mg/g)

01 0,026 36,83

0,3 0,037 131,50

05 0,041 229,50

0,7 0,044 328,00

1,0 0,053 473,50

Két qua thu duwgc 6 bang 3 cho thay, khi ndng dé dung
dich As** cang lon thi dung lvgng As®* hép phu trén 1g
mang sgi PVDF/GO (2 wt%) cang Ién. S& di nong do dung
dich As®* trong nghién clru nay duwoc khao sat hap phu
trong khoang tlr 0,1 dén 1,0mg/l vi day la ndng do asen c6
trong ngudn nuéc thai va nuéc ngadm & mot sé dia phuong.
Nhu vay sau x( ly, néng dé As>* trong dung dich da dat dén
tiéu chuan cda nuwdc sinh hoat & mdc do Il (< 0,05mg/l).
Piéu nay cho thdy tiém nang Gng dung clia mang sgi
PVDF/GO (2 wt%) trong viéc x& ly cac ngudn nwdc nhiém
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asen & cac khu vuc cla Viét Nam. Uu diém clia mang sgi
compozit nay trong Xt Iy nuéc nhiém asen la st dung tién
loi vi vat liéu & dang mang, dé dang thu hoi lai sau khi st
dung ma khong sinh ra chat thai thr cap sau xt ly.

4. KET LUAN

Mang s¢i polyvinyldiene fluoride c6 chira GO da duoc
ché tao bang phuong phap kéo soi dién truong quay. Soi
PVDF/GO (2 wt%) c6 dutng kinh trong khoang tir 3,0 dén
3,5um véi bé mat sgi xu xi. Mang c6 do bén kéo dit va do
gian dai khi dat 1a 5,13MPa va 50,67%. Thoi gian mang dat
dén trang thai hdp phu bdo hoa As®* la 20 phut. Dung
lvgng hap phu can bang clia mang cang tang khi néng do
dung dich As®* cang tdng. Mang sgi compozit nay thich
hop st dung dé xtr Iy cac ngudn nwdc nhiém asen & ndng
dé 0,1mg/I dén 0,7mg/I dat tiéu chuan ctia nwéc sinh hoat
murc do Il theo QCVN 02:2009/BYT.
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