Nghién ctru khoa hoc céng nghé

NGHIEN CUU, CHE TAO CAP MANG LQC TiCH PIEN TRAI DAU
TU GRAPHEN OXIT HAP PHU ION NA* VA CL

LE HONG QUAN ", NGUYEN VAN CHI ", CAO NHAT LINH ",
PONG VAN KIEN ), NGUYEN NHU HUNG

1. PAT VAN PE

Vit liéu nano graphen, voi cac dac tinh hoa 1y doc dao cua ching, 1a mét sy
lwa chon c6 tiém ning cao cho coéng nghé loc nudc bién thanh nudc ngot [1]. Vat
liéu nano graphen c6 dién tich bé mit cuc ky cao, do bén co hoc, do day nguyén ti,
16 xp nano va kha niang phan tmg ddi voi cac chit gay 6 nhidém nudc phan cuc va
khong phan cuc [2].

Mang graphen cé thé dugc coi 1a mang loc tham thiu ngugc (RO) tdi wu, vi nd
c6 tinh chét co 1y t6t hon, mong hon va c6 kha ning khang hoa chét cao hon so voi
cac 10p hoat tinh polyamid trong mang RO tong hop dang mang mong thong
thuong. Trén thyc té, luu luong nude qua mang ty 16 nghich véi do day cua né. Do
d6, d6 mong nguyén tir cua graphen (d = 0,34 nm) c6 thé dan dén kha ning tham
nude 1on hon so voi 16p hoat tinh polyamide trong mang mong composit (d = 100
nm) [3, 4, 5]. Ngoai ra, graphen c6 kha nang chéng chiu véi clo tét hon polyamid,
day 1a mot loi thé quan trong trong viéc can trd sy bam ban cua mang ma khong bi
phén huy [5]. Graphen dudi dang graphen oxit (GO) cho thy cac dac tinh khang
khuan, do d6 lam giam kha ning tao mang sinh hoc, cai thién tudi tho cia mang va
giam sy ti€u thu nang luong clia cac qua trinh loc nudc [6, 7].

Céc nghién ctru trudc day da chimg minh ton tai mot vai co ché vat 1y khac
nhau lién quan dén qua trinh sang loc ion trong mang GO [8, 9]. Cac co ché nay bao
gbm lyc day tinh dién giira cac ion va cac nhom chirc ning tich dién gitra cac tAm
GO trong mang. Ho da chi ra rang viéc loai bo ion giita cac tim GO trong mang 1a
do lyc ddy tinh dién (anh hudng boi dién tich bé mat cac tim GO); va viéc loai trir
kich thudc hoat héa (anh huong béi khoang cach giita cac tim GO). Do d6, k¥ thuat
dién tich bé mat ciia mang cé thé dem dén cac kha ning méi dé tdi wu hoa tong
lwong mudi duge loai bd ma khong lam giam luu lwong nude.

Trén co sO tong quan nhu viy, trong bai nghién ctru ndy, ching t6i tién hanh
ché tao cap mang GO tich dién trai ddu co kha ning hip phu ion Na* va CI” trong
dung dich NaCl, dinh hudng ting dung loc nudc bién thanh nudc ngot.

2. THUC NGHIEM

2.1. Nguyén vat liéu

- Graphit (99,9%, Han Qudc), KMnOy,

- Axit H,SO4, H3PO4, dung dich H>O, 99%

- 1-(3-Dimethylaminopropyl)-3-ethylcarbo-diimid (EDC, 97%)

- Polyethyleneimine (PEI)

- Tai tham tach (MW 12000 + 14000, Cellulose, M¥)

- Thudc nhudm huynh quang Rhodamine 6G, fluorescein natri (FI-Na)
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2.2. Phuong phap nghién ciru
Téng hop graphen oxit (n-GO)

GO dugc tong hop bang phuong phap Hummers stra d6i [10]. Quy trinh duoc
trinh bay tai hinh 1.

Lic, gia nhiét

\ 4
Hinh 1. Téng hop Graphen Oxit

Téng hop graphen oxit mang di¢n tich dwong (p-GO)

Phan tan n-GO trong nudc bang may khudy siéu 4m trong 60 phat. Sau dé, cho
EDC dugc thém vao dung dich n-GO (50 ml, 2 mg.ml™"), hdn hop dugc khudy trén
may khudy tir & nhi¢t d§ phong trong khoang 30 phut. Tiép theo, bo sung PEI (0,85
g) va duoc khuay tiép trong 180 phit. Sau do, ket tua dugc thu thap, phén tan trong
nude va loc bang tai tham tach trong vong 1 tuan dé loai bo chéat chua phan Gng.
Cubi cing, bot p-GO thu duge bang phuong phap dong khé st dung may doéng kho
FDU1000 [11,12].

Téng hop mang n-GO va p-GO

Mang n-GO va P -GO duoc ché tao bang cach loc phéan tan n-GO (0,3 mg. ml )
va p-GO (0,3 mg.ml ') qua mang loc xenlulo axetat (duong kinh 47 mm, kich thuéc
16 0,2 pm). Sau khi loc, mang n-GO va p-GO dugc 1am kho trong tii sdy ¢ 80°C
trong 2 gio. Sir dung phép do FTIR dé xac dinh tinh chat ciia vat lidu.
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Thir nghiém huynh quang xdc dinh tinh chat dién tich

Trudce khi quan sat huynh quang, cac mang thir nghiém dugc ngadm riéng biét
trong dung dich NaCl 3,5% c6 chira thubc nhuém huynh quang Rhodamine 6G
(R6G, tich dién duong, 0,1 x 10~ M) hogc natri huynh quang (FI-Na, tich dién am
0,1 x 10 M) trong 120 phut. Sau do, cic mang dugc rira k¥ bang nuéce dé loai bo
thudc nhuém khong duoc hip thu [13]. Pic tinh huynh quang dwgc dic trung boi
kinh hién vi huynh quang (Olympus IX-5).

Thé zeta cua dung dich n-GO va p-GO dugc do biang may phéan tich Malvern
Zetasizer.

Xdc dinh tinh chon lgc dién tich clia mang loc

Tinh chon loc dién tich dugc x4c dinh bing phuong phap anh xa quang phd tia
X (EDX) trén mit cit ngang cia mang. Trude khi 1ap ban d6 EDX, cac n-GO va p-
GO dugc ngam trong dung dich NaCl 3,5 % trong 30 phut, va sau d6 dugc rira bang
nude khtr ion dé loai bo cac ion khong lién két.

3. KET QUA VA THAO LUAN
3.1. Piéu ché n-GO va p-GO

Céc tim GO nguyén sinh tich dién 4m (n-GO). Dé thu dugc cac ‘térn nano GO
(p-GO) tich dién dwong, cic nhom axit cacboxylic dwoc chuyén dbi thanh
imidazolium dugc thé alkyl thong qua phan mg hoa hoc hai budc. Vit liéu p-GO
duogc tong hop bang cach sir dung thudc thir hoat hoa cacboxyl (EDC) dé bat dau
hinh thanh lién két nhém amin ctia PEI véi nhom chire (epoxy va cacboxyl) ciia GO
dan dén sy hinh thanh lién két C-N, thé hién tai hinh 2a. Hinh 2b, trinh bay dung
dich n-GO va p-GO (0,3 mg.ml™") phan tan trong nudc dé ion.

Quang phd hong ngoai bién d6i Fourier (FT- IR) dugc st dung dé mo ta dac
diém cua nhiing thay doi trong cac nhom chirc trén tim n-GO sau khi sira doi (Hinh

3). Dai hép thu tai 1734 cm™ (C=0) chuyén sang dén 1633 cm™ (CO-NH), diéu nay
xac nhan sy phan tan cua cac nhom axit cacboxylic va sy hinh thanh cac nhém amin.
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n-GO

b)

Hinh 2. a- So d6 phan tmg diéu ché p-GO tir n-GO; b - Dung dich phéan tan n-GO va
p-GO (0,3 mg.ml™); ¢ - Tao mang GO béng thiét bi loc hiit chan khong

Céc mang n-GO va p-GO duge ché tao théng qua qué trinh ty lip rap theo
huéng dong chay ciia dung dich (hinh 2¢). Do day cua chung cé thé duge diéu chinh
d& dang bang cach kiém soat luong GO trong qua trinh loc.
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Hinh 3. Pho FTIR ciia n-GO va p-GO

3.2. On dinh mang GO

Cac mang GO thu dugc biang cach loc phan tan, c6 tinh wa nuéc. Sau khi
ngdm vao dung dich NaCl 3,5 %, chiing s& phong 1én trong vai phut, va cudi cling
phan tan lai trong dung dich NaCl 3,5 % (hinh 4). Vi vay, trudc khi st dung, cac
mang GO can duoc 0 nhiét & 80°C trong 24 giv. Cac mang GO dugc xur 1y cho thiy
su 6n dinh trong nudc ngot va dung dich NaCl 3,5 %.
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Khoéng 0 nhiét Co6 1 nhiét
Sau khi ngdm dung dich NaCl 3,5 %
Hinh 4. Thtr nghiém su 6n dinh cia mang GO trong dung dich NaCl 3,5 %

Qua trinh 1 nhiét tao ra su khuéch tan theo hudng nhiét clia cac nguyén tir oxy
trén cic tam GO, tao thanh cac ving duoc khir oxy (ra nudc) md rong va cic ving
ky nudc [14]. Hinh 5, trinh bay gian 6 XRD miu n-GO trude U nhiét, sau khi 0
nhiét c¢6 va khong ngdm nude, tbe do quét 6 deg.min™', khoang quét tir 5 + 40 deg.
C6 thé thay, gian do XRD cta n-GO phu hop v6i cac nghién ciru trude ddy véi dinh
nhiéu xa tai goc 20 = 12,5°, khoang céch gitra cac 16p GO thu dugc khoang 0,84 nm.
Khi @ nhiét nhe mau n-GO, c¢6 sy dich chuyén nhe ctia dinh nhiéu xa sang goc 20 =
13°, cung véi khoang cach giita cac 16p thu hep xudng 0,82 nm. Nhung sau khi
ngam nudc, co sy thay doi khac biét duge tim thdy. Pau tién, dinh nhiéu xa dich
chuyén tir goc 20 = 13° sang vi tri 20 = 7,5° twong tng v&i sy gia ting khoang cach
gitta cac 16p, mé rong tir 0,82 nm dén 1,33 nm. Thir hai, xuat hién dinh nhidu xa
rong hon & goc 20 = 26°, voi khoang cach giita cac 16p khoang 0,32 nm, dinh nhiéu
xa nay giong nhu dinh nhiéu Xa ddc trung cua graphit (than chi). Chinh céu tric
giong nhu than chi nay se gitip 6n dinh mang GO ua nuwéc ma khong lam mét di cac
kénh nano 16ng trong cau trac mang. Két qua nay cho thay su phu hop v6i khang
dinh ciia cac nghién ciru trude vé viée qua trinh U nhiét tao ra sy khuéch tan theo
huéng nhiét ciia cdc nguyén tir oxy trén cic tim GO, tao thanh cac ving dugc khir
oxy (ua nudc) mé rong va cac vung ky nudc [14]. Vi khoang cach giita cac 16p cua
mang GO khoang 1,33 nm, cho phép van chuyén hau hét cac ion nhd ngam nudc,
chang han nhu Na” hay CI..
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(1)d= 0,84 nm
A 14 (2)d=0,82 nm
. (3)d=1,33 nm
(4)d=0,32nm

n-GO 1 nhiét, chuva ngdm nude
— - =n-GO
- n-GO u nhiét, ngdm nude

Cuong d9, a.u

20,°
Hinh 5. Gian 6 XRD mau n-GO trudc u nhiét, sau 1 nhiét c6 va khong ngam nudc

3.3. Tinh chét dién va tinh chon loc dién tich ciia mang

Hinh anh huynh quang trén cac phan riéng biét cia mang n-GO va p-GO dugc
trinh bay tai hinh 6. Cac phan n-GO va p GO hién thi cac tin hiéu huynh quang rd
rang tir R6G hoidc Fl-Na twong tmg, cho biét cac dic tinh phan dién tich. Thudc
nhuém R6G mang dién tich dwong hap thu vio mang n-GO va phat ra huynh quang
mau d6 twoi, nguoc lai R6G khong hap thu vao mang p-GO, do d6 khong phat ra tin
hi€u huynh quang, thé hién mau den. Tuong tu, ddi voi thude nhudém Fl-Na mang
dién tich am, hip thy vao mang p-GO va thé hién tin hiéu huynh quang mau xanh 14,
F1-Na khong hap thu vao mang n-GO, do d6 khong phat ra tin hiéu huynh quang, thé

hién mau den.

n-GO trong thudc thir R6G n-GO trong thudc thir FI-Na
p-GO trong thudc thir F1-Na p-GO trong thudc thir R6G

Hinh 6. Tin hiéu huynh quang cac mau n-GO, p-GO (Thuéc do 10 pm)
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Do 6n dinh dién thé cua n-GO va p-GO dugc kiém tra thong qua dién thé zeta
ctia n6 trong dung dich NaCl & cac ndng d6 khac nhau va theo thoi gian ngam (hinh
7). Két qua cho thay d6 6n dinh dién thé cia n-GO va p-GO, diéu d6 chimg t6 n-GO
va p-GO giilt dugc cac dac tinh dién tich trong dung dich NaCl.
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Hinh 7. Thé zeta ctia n-GO va p-GO.
a) Trong céc néng dd dung dich NaCl khac nhau ;
b) Theo thoi gian ngdm trong dung dich NaCl 3.5%

Sau khi ngdm mang n-GO va p- GO trong dung dich NaCl 3,5 %, tién hanh
phan tich EDX su phan bd phan tir trén mit cit ngang cua mang (hinh 8). Két qua
cho théy, mang n-GO thé hién tinh chon loc cation, hép phu manh mé cac ion Na' va
loai bé cac ion CI'. Nguoc lai, mang p-GO hép phu ham luong ion CI” cao hon nhiéu
so voiion Na', cho théy tinh chon loc anion.

n-GO p-GO
Hinh 8. Ban d6 phan bd phan tir EDX trén mit cat ngang ctia mang n-GO va p-GO
sau khi ngam trong dung dich NaCl 3,5 % (thang do, 10 um)

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 28, 12-2022 45



Nghién ctru khoa hoc c6ng nghé

Hinh 9, trinh bay anh SEM mat cit ngang ciia mang GO, c6 thé thiy hinh dang
cua mang bao gdm cac lop xép chong lén nhau.

Hinh 9. Anh SEM mit cit ngang cia mang GO (Thang do 5 pm)

Chung t6i tién hanh kiém tra kha ning van chuyén nudc qua mang. Hinh 11,
trinh bay thi nghiém, ngin chira nudc va ngin chua bot CuCl, khan dwoc ndi voi
nhau bang tim mang n-GO hoic p-GO. Sau khoang 10 phut, quan sat thdy mau cia
bot CuCl, khan chuyén tir tring sang xanh, ching té sy xdm nhap ctia nudc va tao ra
CuCl,.nH,0. C6 thé két luan rang, nude di qua mang GO tai cac kénh duogc tao boi
cac 10p xép chong 1én nhau nhu dugc thé hién trén hinh 10.

Hinh 10. Thir nghiém van chuyén nuéc qua mang GO
4. KET LUAN

Cap mang Graphene oxide (GO) tich dién trai ddu (n-GO tich dién 4m va p-
GO tich dién duong) co tinh chon loc cation hodc anion hi€u qua va c¢6 kha nang van
chuyén nudc theo chidu ngang ctia mang. Mang n-GO thé hién tinh chon loc cation,
hap thy manh mé& cic ion Na* va loai bo cac ion CI". Mang p-GO hép thu ham luong
jon CI” cao hon nhiéu so v&i ion Na¥, cho théy tinh chon loc anion. Cac dac tinh dién
tich ciia mang n-GO va p-GO déu gitr 6n dinh va duy tri trong dung dich NaCl & cac
ndng d6 khac nhau va cac khoang thoi gian ngam.
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SUMMARY

RESEARCH ON THE FABRICATION OF GRAPHENE OXIDE MEMBRANES
WITH OPPOSITE CHARGES THAT ADSORB SODIUM IONS AND
CHLORIDE IONS

In this research, we fabricate pairs of oppositely charged graphene oxide (GO)
membranes (negatively charged n-GO and positively charged p-GO) with efficient
cation or anion selectivity. The fabricated primary GO membrane carries a negative
charge (n-GO). The positively charged p-GO membrane was prepared by ultrasonic
stirring with polyethyleneimine. The electrical properties of the n-GO and p-GO
films were examined based on a fluorescence electron microscope and zeta
potentials in NaCl solution at different concentrations and times. The results show
that the zeta potential of n-GO and p-GO both stabilize and maintain their charge
properties in NaCl solution. The good ion selectivity of n-GO and p-GO was
determined by X-ray spectroscopy (EDX) mapping.

Keywords: Graphene oxide, polyethyleneimine, hap phu ion, thé zeta.
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