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TOM TAT

Tdm nano graphen (GNP) cé thé duwoc sir dung nhw mét chdt nén dé phdn bo dong déu cdc
hat nano co6 kha nang hdp phu nham cdi thién va ndng cao kha nang hdp phu kim logi nang ciia
chiing. Trong bai bdo, t6 hop nano graphen/Fe;05-MgO duroc ché tao bang phuwong phdp thity
nhiét. Cdc ddc trung va tinh chdt cia té hop vat ligu dwoc xac dinh bangphm)’ngphap kinh hién
vi dién tir quét (SEM), kinh hién vi dién tir truyen qua (TEM), phé tin xq ndng luong tia X
(EDX), phwong phdp nhiéu xa tia X (XRD). Néng dé asen dwoc xdc dinh bang quang phé phat
xa nguyén tu plasma vi song (AES). To hop graphen/Fe;03-MgO cho thdy hiéu sudt hdp phu cao
va nhanh chéng doi véi asen trong dai pH rong, do bén cao, ddc biét cé khd nang tdi ché, do do
c6 thé tro thanh mét loai vit liéu hira hen dé xir Iy 6 nhiém asen trong méi trieong niede mot cdch
hiéu qua.

Tir khoa: T hop graphen/Fe,03-MgO; H3 hop oxit Fe,05-MgO; Hap phu asen;
1. MO PAU

Trong nhiing ndm gan day, nguén nudc bi nhiém cac kim loai nang, doc hai nhu asen (As),
chi (Pb) va thuy ngan (Hg) di gia tang 1én dang ké do cac ngudn nguyén nhan tir hoat dong con
nguoi. Do ddc tinh va kha nang gy ung thu cua ching d6i voi con ngudi, viée tiép xtic véi cac
nguyén to nay gy ra nguy co sic khoe nghiém trong. Trong s6 d6, asen 1a mot trong nhiing
nguyén té doc nhat, hién dién rong rii trong tw nhién thong qua viéc rira troi tir dat, khai thac mo,
phén bon, chit thai cong nghiép, hoat dong sinh hoc va khoang chit chira As [1, 2] Do do6, To
chire Y té The gi6i (WHO) da dua ra ham luong t6i da asen trong nudc 1a 10ppb. An phai thyc
pham duoc trong trong thoi gian dai 6 nhimg khu vyc bi 6 nhiém asen hoic udng truc tiép nudc
bi 6 nhiém asen c0 lién quan dén cac bénh ung thu thén, da va phéi [3]. Vi vay, viéc xur Iy asen
trong cac ngudn nudc 6 nhiém 1a van dé cép thiét, nham dam bao chat lugng ngudn nudc & mirc
gidi han theo khuyén céo cia WHO. Hién nay, c6 rat nhiéu phuong phap dugc st dung dé loai
b6 6 nhiém asen trong nudc, bao gdm hap phy, trao ddi ion, thAm thau nguoc, xir 1y dién hoa, loc
mang va dong két tia [4-7]. Tuy nhién, phuong phap hip phu dugc danh gia 1a mot phuong phap
don gian, chi phi thap va hiéu qua cao, trong vi€c xur ly, loai bo asen trong nudc. Nhiéu vit liéu
da duoc str dung 1am chét hap phu dé hap phu asen nhu chat thai nong nghiép va cong nghiép,
chit hoat dong bé mat, vat liéu gc cacbon, polyme va oxit kim loai [8, 9]. Trong s0 nay, kim
loai va oxit kim loai nhu TiO, [10-12], nano sit hoa trj khong [13, 14], Fe,Os [3, 15, 16], Fez04
[17], CeO, [18], CuO [19, 20], CaO [21] va ZrO, [22, 23] di dugc nghién ctru rong rii dé xur Iy
asen trong nudc vi chung c6 ai luc cao voi cac loai ion asen, gia thanh thap [9, 24]. Gan day, cac
huéng nghién ctru tip trung vao viéc phat trién vét liéu composite co chtra hai hodc nhiéu kim
loai va oxit kim loai dé nang cao tdi da kha nang hép phu asen. Shan va cong su ché tao thanh
cong hé hdon hop oxit Fe-Mn c¢6 kha ning hép phu asen cao [25]. Hop chat Mg ,7Fe; 50, siéu
thuén tir, 1a mot chat hip phu asen méi, dugc tong hop bai Tang va cong sy [26]. Trong mot bao
céo khac, Yu va cong sy da trinh bay két qua nghién ctru vé cac hat nano tir tinh oxit kép Fe-Ti
két hop tinh chit quang xuc tic ciia TiO, v6i kha ning hap phu cao va tinh chat tir tinh cua y-
Fe,03 dé xur 1y asen.
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Graphen 14 dang vat liéu hai chidu (2D), da duoc nghién ctru, ché tao rong rai do cac dic tinh
vat Iy va hoa hoc dac biét, graphen c6 thé duoc ung dung cho nhiéu linh vuc khac nhau nhu dién
tir, luu trit va chuyén hod ning lugng, cam bién, hap phu va vat liéu tong hop [27-32]. Trong
nhitng nim gan déy, graphen di thu hut duoc sy quan tim 16n nho kha nang hd trg, nang cao tinh
chat hap phu cua vat liéu nhd dién tich bé mat 16n, do dan dién cao, va do linh dong ion vuot
troi. Ganesh va cong su da tong hop dugc dang graphen tir tinh thong minh c6 kha ning loai bo
céc kim loai ning ra khoi nude udng [33]. Céac hat nano Fe,03/TiO, trén nén graphen oxit duoc
tong hop bang phuong phép sol-gel ¢6 kha nang hap phu cao ddi v6i asen [34]. Kumar va cong
sy tong hop graphen oxit don 16p véi cac hat nano tir tinh mangan ferrite dé loai bo hiéu qua
asen tir nuéce bi 6 nhiém [35].

Bai bao nay trinh bay mot sé két qua nghién ctru ché tao vat lidu t6 hop Fe,05 va MgO trén
nén graphen da 16p bang phuong phap thuy nhiét, tng dung lam vat liéu hap phy xur 1y ion As
trong nudc.

2. THU'C NGHIEM

2.1. Ho4 chit, trang thiét bi

Ho4 chit: FeCls.6H,0, 99%, Xilong; MgCl,.6H,0, 99%, Macklin; C,HsOH, 99,7%, Xilong;
NaOH 98%, Xilong; Graphene dugc cung cap boi cong ty Vngraphene.

Trang thiét bi: Thiét bi siéu am JY99-IIDN cua Trung Qudc; T quang hoa photo-catalytic
reaction chamber 350 cua Vién Hoa hoc - Vit liéu ché tao.

2.2. Ché tao vat liéu to hop

- Vat liéu t6 hop GNPs/Fe,03-MgO dugc ché tao bang phuong phap thuy nhiét. Pau tién,
MgCl,.6H,0 va FeCl3.6H,0 vai cac ty 1€ khdi lwong Mg:Fe khac nhau 1a 10:0; 9:1; 7:3; 5:5; 3:7;
1:9 va 0:10 duoc hoa tan trong 50 mL ethanol.

- Céc thm nano graphen voéi cac khoi lugng khac nhau dugc phan tan trong dung dich hdn hop
bang séng siéu 4m trong 10 phut va khudy trong 1 gio. Sau d6, thém tir tir dung dich NaOH 2M
vao dung dich, khuay va on dinh pH trong khoang tir 8 + 9. Tién hanh phan tng tai diéu kién nay
trong 1 h, sau d6 phan ng dugc thuc hién trong auto clave & nhiét 3§ 150 °C trong 2 gio.

- Dung dich dugc lam ngudi dén nhiét 4o phong va két tua duoc loc va ria bé'mg cdn va nudce
cat. Mau dugc say kho qua trong 24 h ¢ nhiét d6 60 °C trong khong khi dé thu vat liéu t6 hop
GNPS/Fezog-MgO.

2.3. Panh gia dic trung tinh chat vat li¢u

- Thanh phin pha cta cac mau vt liéu t6 hop duoc phan tich bang phwong phap nhidu xa tia
X (XRD) trén thiét bi Mini flex 600 Rigaku (Nhat Ban) tai Pai hoc Khoa hoc - Ty nhién, Pai
hoc Quéc gia Ha Noi, ngudn tia CuK,, budce song A=1.5406A°, goc quét 20 = 20° + 70°, budc do
0,03 %s.

- Phan tich hinh thai hoc duoc xac dinh théng qua phuong phap hién vi dién tar quét (SEM)
dugc do trén thiet bi HITACHI S-4800 tai va phuong phap TEM trén may hién vi dién tur truyén
qua phan gidi cao JEM 2100 tai phong Hién vi dién tir, Vién Khoa hoc vat li¢u, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

2.4. Khio sat kha ning hip phu asen ciia vét li¢u tong hop

Dung dich gdc cua As (V) 1000 ppm dugc chufm bi bang cach hoa tan As,Os trong nudc.
Nong do asen dugc xac dinh bang may quang pho phat xa nguyén tir plasma vi song Agilent
4200 (MP-AES). Tat ca cac mau duoc phan tich trong vong 24 gio sau khi loc.
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3. KET QUA VA THAO LUAN

3.1. Pic trung tinh chit vat lidu to hop

Hinh thai hoc cta cac tim nano graphen (GNP) va oxit Fe,03-MgO sau khi duoc tong hop
v6i ty 1& khéi lwong gitra Mg:Fe 13 5:5 dugc thé hién trong hinh anh SEM & hinh 1. C6 thé thay
rd trong hinh 1a rang GNPs thu dugc ¢ hinh thai bé mit cudn 16p tao thanh cac 16p khong bang
phing v&i dudng kinh hang chuc micromet va d¢ day <20 nm [36]. Hinh anh SEM cua hon hop 2
oxit Fe,03-MgO sau khi dugce diéu ché dugc thé hién trong hinh 1b, chi ra rang oxit Fe;,03-MgO
bao gdm céc tinh thé nano siéu min. Hinh thai oxit Fe,03-MgO phu hop véi mot s6 nghién ciru
truée day. Hinh 1c va 1d 1a hinh anh SEM cua vat liéu td hop graphen/Fe,05-MgO, cho thiy
rang to hop oxit Fe;03-MgO dugc phén tan tuong d6i déu trén bé mit graphen da 16p. Két qua
cho thay rang vat liéu t6 hop Fe;05-MgO trén nén graphen da 16p dugc ché tao thanh cong.

Hinh 1. Hinh anh SEM cua (a) graphen da lop, (b) Fe;0O3-MgO, (¢) va (d) dé phdn gidi cao va
thap cia vt liéu té hop graphene/Fe,03-MgO.

Hinh dnh TEM vét li¢u GNPs/Fe,05-MgO composite duoc thé hién trong hinh 2. Trong hinh
anh TEM c6 d9 phong dai thap (hinh 2a), r6 rang la c&c oxit Fe;03-MgO duogc hinh thanh va
phan tan trén bé mit cua cac tam nano graphen. Vi cac két qua TEM & do phong dai cao hon
nhu trong hinh 2b, c6 thé thiy rang cac oxit Fe;05-MgO trén graphen khong phai la cac tinh thé
nano duoc xac dinh 13 rang, véi mot s6 két tu dugc quan sat thay, do vy c6 thé két luan hdn hop
Fe,03-MgO trén GNPs ¢ trang thai vd dinh hinh. Ban chit vo dinh hinh cta oxit Fe,03-MgO
dugc hinh thanh trén GNPs duoc khing dinh thém bai két qua phan tich theo phuong phap XRD
ctia hdn hop (hinh 3). Trong két qua XRD, ngoai cac dinh tai goc 20 = 28° va 56° duogc cho 1a do
céc tinh thé ctia tAm nano graphen [36, 37], su hién dién cta cac dinh rat yéu va rong trong ving
g6c 20 = 30° + 70° cho thay ban chét vo dinh hinh cua to hop oxit Fe,05-MgO.
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Hinh 2. Hinh dnh TEM ciia vt liéu t6 hop graphen/Fe;0s-MgO
0 do phan giai thap (a) va cao (b).
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Hinh 3. Phé nhiéu xa tia X ciia vt liéu t6 hop graphen/Fe,Os-MgO.

Két qua phan tich quang phd tan xa nang luong tia X (EDS) dugc thé hién trong hinh 4 cho
thdy s c6 mat cua cac nguyén to C, O, Fe, va Mg trong vt liéu t6 hop. Trong d6, nguyén td C
dai dién cho sy c6 mat cua graphen, con Fe, Mg, va O thude to hop oxit Fe,03-MgO. Phd tan xa
nang lugng tia X mapping trong hinh 5 cho thiy sy phan bé dong déu va bao phii toan bg bé mat
ctia hon hop oxit Fe,03-MgO trén tim nano graphen. Thanh phan cic nguyén t cta vat liéu
dugc thé hién trong bang 1.

Bing 1. Thanh phan cdc nguyén to cia vt liéu.

Element Weight% Atomic%
C 60 80
0] 11 11
Mg 8 5
Fe 21 6
Totals 100.00 100.00
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Atomic %

Hinh 4. Phé tin xa ning leong tia X ciia vit liéu t6 hop graphen/Fe,05-MgO.
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Hinh 5. Phé tan xa ning heong tia X mapping ciia vdt liéu té hop graphen/Fe,0s MgO.

3.2. Kha niing hip phu asen ciia vt li¢u té hop
Hinh 6a cho thiy anh hudng cua cac ty 18 khdi lugng Mg:Fe khac nhau dén su hip phu asen
v6i nong do As(V) ban dau 1a 10 mg/L, nong d6 chit hap phu 1a 200 mg/L, & pH=7 va nhiét do
phong. Két qua chi ra ring sy hap thu As(V) bai vat liéu t6 hgp GNPs/Fe,0;-MgO ting dang ké
khi ty 18 khdi lwong Mg:Fe giam va dat toi kha ning hap phu can bang tdi da 1a 44.3 mg/g khi ty
16 khdi lugng Mg: Fe 1a 5:5. Sau d6, su hip phu As(V) giam tir tir khi ty 16 khdi luong Mg:Fe
giam tiép. Ciing can luu y rang sy hip phu As(V) boi GNPs-Fe,03 (23 mg/L) cao hon so véi
GNPs-MgO (3 mg/L). Anh huong cua ty 1 khéi lugng GNPs 1én kha ning hip phu As(V) cua
hdn hop ciing dugc nghién ciru véi ndng dd As (V) ban dau 1a 9,5 mg/L nhu trong hinh 6b. R3
rang 1a khi ty 1& khbi lugng GNPs tang, su hap thu As(V) ting va dat t6i da khoang 42 mg/g & ty
1¢ khéi lwong cuia GNPs:Fe,05-MgO 1a 2:1. Khi tang ty 1& khdi lugng GNPs hon nita, kha ning
héap phu giam dang ké, va néu khong c6 hdn hop oxit Fe,0;-MgO, kha ning hip phu As(V) cua
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GNPs tinh khiét chi 1a 1.38 mg/g. Nhitng két qua nay cho thiy rang su két hop giita GNPs va
oxit Fe;05-MgO cii thién déng ké sy hap phu As(V).

Puong hép phu déng nhiét ctia vat liéu to hgp GNPs/Fe;05-MgO ddi vai asen trong nude dugce
thuc hién dé danh gia kha nang héap phu As(V) va xac dinh dung luong héap phu As(V) cuc dai
cua vat liéu to hop. Két qua dugc thé hién trong hinh 7. Thi nghiém hap phu dang nhiét dugc
thuc hién & cac nong do asen khac nhau tir 5 + 90 mg/L, v6i ham lugng vat liéu t6 hop 1a 200
mg/L, 6 pH=7 va tai nhiét d§ phong. Phuong trinh Langmuir va Freundlich dugc thyc hién aé
mo phong qua trinh hip phu ding nhiét. Hé sé tuong quan mo phong phuong trinh Freundlich
duoc xac dinh la cao hon so voi phuong trinh Langmuir. Diéu nay chung t6 rang _phuong trinh
Freundlich 13 phi hop dé mo phong qua trinh hap phu dang nhiét cua vat liéu t6 hop do6i véi
As(V). Két qua nay cho thay rang qué trinh hap phu As(V) boi vat lidu to hop 1a qua trinh hap
phu di thé. Dung luong hép phu cyc dai dugc xac dinh tor phuong trinh Langmuir 1a khoang 106
mg/g. Két qua hap phu As(V) cta vt liéu t& hop GNPs/Fe,05-MgO 14 trong dbi cao so véi cac vat
liéu hép phu khac nhu vat liu Mgg,7Fe, 50,4 duoc téng hgp Tang va cong sy 2013 vdi dung lugng
hap phu cuc dai 83.2 mg/g, vat litu MnFe,O, cia Zhang va cong sy 2010 1a 90 mg/g, GO-
ZrO(OH), nanocomposites cua LuO va cong su 2013 84.89 mg/g.
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Hinh 6. Anh huéng cia ty l¢ khoi lwong giita Mg:Fe (a) va cua ty I¢ khéi lwong GNPs: Fe,Os-
MgO (b) den kha nang hap phu As(V) cua vat liéu té6 hop GNPs/Fe,03-MgO.
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Hinh 7. Puong hap phu dang nhiét ciia vt liéu t6 hop t6 hop GNPs/Fe,Q3-MgO doi véi As(V).
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4. KET LUAN

Vit liéu to hop vat liu GNPs/Fe;05-MgO da dugc ché tao thanh cong bang phuong phap thiy
nhiét v6i chiéu day tdm graphen < 20 nm, dugc bao phu dong deu trén bé mat hon hop oxit
Fe,05-MgO ¢ trang thai vo dinh hinh. Vat liéu c6 kha nang hip phu tét As(V) trong nuéc ndng do
10 mg/l, nong d6 chat hip phu 1a 200 mg/L, & pH=7 va nhiét d6 phong véi dung lugng hap phu
cuc dai 103.9 mg/g khi ty 1€ khdi lugng gitta Mg:Fe 1a 5:5 va ty I¢ khdi lugng gitra GNPs/Fe,Os-
MgO la 2:1.
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ABTRACT

Study on fabrication of graphene — supported Fe,O; and MgO mixed oxides composite

and its application as adsorbent for the removal of As ions aqueous media

Graphene nanoplates (GNPs) can be used as a platform for homogeneous distribution

of adsorbent nanoparticles to improve electrons exchange, absorption sites and ion
transports for heavy metal adsorption. In this work, graphene/Fe,0s-MgO nanocomposite
was fabricated using a facile thermal decomposition route. The prepared composite was
characterized by using scanning electron microscopy (SEM), transmittance electron
microscopy (TEM), Energy dispersive X-ray (EDX), X-ray diffraction (XRD), and FTIR.
The graphene/Fe,0;-MgO nanocomposite revealed high and quick adsorption
performance toward arsenic in a wide range of solution pH with exceptional durability
and recyclability, which could make this composite a very promising candidate for
effective removal of arsenic from aqueous solution.

Keywords: GNPs/Fe-Mg oxide composite; Fe-Mg binary oxide; Arsenic adsorption.
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