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TOM TAT

Trong nghién ctu nay, vat liéu hdp phu
nanocomposite Fe;O4/graphene oxide duoc
téng hop dé xtr ly nwéc thai nhiém ion Pb*".
Theo d6, graphene oxide (GO) duoc téng
hop tr graphite bang phuong phép
Hummers cai bién va Fe;0,/GO duoc téng
hop theo phuwong phap phbi trén huyén phu.
Gidn dé XRD cua vét liéu nay cho thay cac
dinh nhiéu xa déc trung cta Fe;O, va GO.
Phé FT-IR thé hién cac nhém chirc dic
trrng cia FesO, va GO trong vét liéu
nanocomposite. Anh SEM va TEM cho théy
sw phén bé ctia céc hat nano FesO, trén bé

méat cac tdm GO vdéi kich thuwéc hat trung
binh 10 nm. Dién tich bé mét riéng cla
Fe;0,/GO duoc do bang phuong phap BET
la 72,9 m*/g. Két qua TGA da thé hién tinh
chét nhiét ctia véat liéu nanocomposite. Véat
liéu hép phu nay thé hién tcr tinh tét nén sau
khi str dung c6 thé duwoc thu héi bang to
trirong ngoai. Kha ndng hép phu cua vét liéu
duwoc khédo sat va ndng do ion Pb* con lai
trong dung dich dwoc do bang ICP-OES. S6
lidu hép phu cén béng cua vét liéu tuén theo
mé hinh dang nhiét Langmuir véi khd ning
hép phu tbi da la 54,64 mg/g.

Twr khéa: nanocomposite, graphene oxide, nuéc thai, hép phu, ion kim loai ndng.

MO DAU

Graphene (GE) 1a graphite (than chi) don 16p
dugc tao thanh tir cAc nguyén tir carbon sép xép
theo ciu trdc luc giac trén cung mot mat phang
hay con goi la ciu truc t6 ong. GE dugc hai nha
khoa hoc Geim va Novoselov tim ra bing
phuong phéap bdc tach (scotch tape). Theo do, cac
I6p graphite duoc tach ra bang bang dinh va duoc
6n dinh trén mot chat nén SiO, [1]. Trong d6, mdi
nguyén tir carbon lién két véi ba nguyén ti

carbon gan nhat bang lién két o tao thanh bai cac
orbital lai hda sp®. Tét ca cac do dai lién két trong
GE labang 1,42 A [2].

Graphene oxide (GO) 1a GE c6 gin thém céc
nhém chirc chira oxy-ua nudc nhu hydroxyl (-
OH), epoxy (—O-), carbonyl (-C=0), carboxyl (—
COOH),... trén bé mit co ban va canh cua ching
nhu Hinh 1.
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Hinh 1. CAu trac cua GO theo Lerf - Klinowski [3].

GO thu dwoc bang cach xir ly than chi véi
chat oxy h6a manh theo cac phuong phéap: Brodie
(KCIO; trong HNOs), Staudenmaier (KCIOs;,
NaClO; trong H,SO,; va HNOj;) va Hummers
(KMnO,4 va NaNO; trong H,SO,) [2].

Nho ¢c6 thém cac nhdm chac chira oxygen
trén da lam tang Ién rat nhiéu kha nang phan tng
ciia GO, dong thoi lam ting khoang cach giira
cac lop GO va tang tinh va nudc cua GO. Do do,
GO duoc tng dung vao nhiéu linh vuc khac nhau
nhu: cong nghé vat liéu, cong nghé mang dé san
xuét nhién liéu sinh hoc, linh vuc y té, cong nghé
sinh hoc va trong xtr 1y méi truong [2, 4-7].

GO s6 hitu nhirng vu diém ndi bat nhu: dién
tich bé mat riéng 16n, tinh 4i nuée cao va co tinh
tuong thich sinh hoc nén GO la vat liéu cé tiém
nang tng dung trong Xt Iy nudc thai véi vai tro
nhu 13 chéat hap phu [8-10].

Tuy nhién, GO c6 mét s6 han ché nhu: cac
I6p dé& bi két dinh tré lai, dd chon loc thap, hiéu
qua hap phu va kha niang thu hdi chua cao. Vi
vay, nghién ciru nay hudng dén tong hop vat liu
nanocomposite Fe;0,/GO bang phuong phap
phdi tron huyén phu. Theo phwong phap nay, cac
hat nano Fe;0O, duoc cho phan tan vao huyén pha
GO va thu hoi bang tir truong ngoai. Vat liéu
nanocomposite Fe;0,/GO téng hop duogc cb cac
dic tinh uu viét nhu: dung lugng hap phu lon doi
vai ion Pb?", dién tich bé mat riéng 16n, tir tinh
manh. Hon nira, vat liéu nay con c6 tinh chon loc
cao, dé dang thu hdi va tai str dung, thoi gian sir
dung vat liéu dugc tang 1én dang ké [6, 10].

Kha ning hap phu cua vat liéu Fes0,/GO dbi
v6i Pb* dugc khao sat theo mo hinh hip phu

dang nhiét Langmuir. Theo md hinh nay, qua
trinh hap phu ding nhiét dugc mé ta bai phuong
trinh sau [6]:

qmax bCe
~1+bC,
Véi: g, (mg/g): dung luong hap phu tai thoi diém
can bang; ¢e, (mg/g): dung lugng hap phu cuc
dai; b (I/mg): hing s6 Langmuir; C, (mg/l): nong
do ion Pb®* trong dung dich & trang théai can
bang.

qe €9)]

Phuong trinh (1) c6 thé biéu dién dudi dang
phuong trinh dwdng thang:
C, 1 1
== C, +
qe qmax

()

max b

VAT LIEU VA PHUONG PHAP
Hoa chit

Graphite dugc mua tir hdng Sigma Aldrich;
kali permanganate va ammoniac la cua Viét
Nam; sunphuric acid, sodium nitrate, acetone,
ferric chloride (FeCls.6H,0), ferrous chloride
(FeCl,.4H,0) va chi nitrate Pb(NO3), c6 xuat xir
tir Trung Qudc.

Quy trinh tong hop

Téng hop GO

GO duoc téng hop theo phuong phap
Hummers cai bién [5, 11]. Theo phuong phap
nay, hon hop cia 1 g graphite va 0,5 g NaNO;
trong 60 mL H,SO, dam dic duoc khudy & nhiét
d6 nhé hon 5 °C. Oxy hoa 1an nhét bing 3 g
KMnO,, nhiét d6 khdng qua 20 °C. Gia nhiét 1én
35 °C va siéu am trong 2 gid. Sau dé, oxy hoa 1an
nhi bang 3 g KMnQ,, siéu &m trong 4 gio ¢ 35
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°C. Thém 400 mL nudc cat. D& hdn hop vé nhiét
do phong, thém H,0, 30 % dén khi hdn hop c6
mau vang sang. Ly tam, rira dén khi pH = 6, lam
khé dé thu duoc graphite oxide (GiO). GiO mau
nau den duogc phan tan trong nudc tao hé huyén
phu véi ty & 0,5 mg GiO/ml H,O Hé huyén phu
nay dugc siéu am trong 12 gio dé phan tan GiO
hoan toan thanh don 1é6p GiO hay con goi la GO,
GO phén tan trong nuéc tao thanh huyén phu
mau vang nau. GO san pham dugc thu lai bang
cach ly tam va dé kho ty nhién.

Téng hop Fe;0,/GO

Fe;0,/GO duoc tong hop theo phuong phap
phdi tron huyén phu [6, 12]. Theo phuong phap
nay, Fe;0,/GO dugc tong hop theo hai giai doan:

Giai doan 1: Tong hop cac hat nano Fe;O,
theo phuong phap dong két tua

Dau tién, FeCl;.6H,0 (3,03 g; 11,2 mmol) va
FeCl,.4H,0 (1,13 g; 5,6 mmol) dugc hoa tan
hoan toan vao 150 mL nudc cat. Dung dich nay
dugc khudy déu trén bép tir trong 30 phdt, thu
duogc dung dich mau vang sang. Tiép theo, dung
dich ammoniac duoc nho tir tir vao dung dich dén
khi pH = 10. Phan ung dugc duy tri trong 30
phat. Sau khi phan tng hoan toan, cac hat tua
mau den duoc thu lay bang nam cham sau do6 rira
nhiéu 1an voi nude va ethanol dén pH = 7. Cudi
cling, cc hat nano Fe;O, dugc dé kho ty nhién.

Giai doan 2: Tdng hop nanocomposite
Fes04/GO theo phuong phéap phdi tron huyén phi

Huyén phu GO (0,3 g GO trong 300 ml nuéc
cat) dugc siéu am trong 30 phat dé phan tan t6t
hon GO trong nuéc. Thém 0,3 g cac hat nano sat
tir vao dung dich va siéu &m 30 phut. Sau khi siéu
am thu dugc mot huyén phu dong nhat,
Fe;0,/GO s& duogc thu lai bang nam cham va dé
khé tu nhién.
Khio sat anh huéng cua ndng do Pb®* ban diu
dén kha ning hap phu cia vit liéu

Nong d6 dung dich khao sat trong khoang tir
50 ppm dén 250 ppm. Tién hanh hip phu nhu

sau: can 0,05 g Fe;0,/GO cho vao 50 mL dung
dich ion Pb?* da duoc chinh vé pH = 5,5 — 6.
Thoi gian hap phu 1 24 gio.

Sau 24 gio, Fe;04,/GO dugc tach khoi dung
dich bang nam cham. Dung dich sau xu 1y dugc
kiém tra ndng d6 Pb** bang phé ICP-OES.

Tai sir dung vat li¢u

Vit liéu nanocomposite Fe;O4/GO sau khi
hap phu duoc thu hdi bang nam cham. Dé tai su
dung, Fe;0,/GO trai qua qué trinh giai hap phu.
Fes04/GO dugc phan tan trong mdi truong axit
yéu (10 ml nudc va khoang 2 giot acetic acid) c6
hd trg cua siéu am. Qua trinh nay duoc lip lai
nhiu Ian @& dam bao khdng con ion Pb** b hip
phu trén bé mat vat liéu. Dé kiém tra qua trinh
giai hap, nuéc ria vat liéu dugce do ICP-OES dén
khi khong con su xuét hién cua ion Pb?*. Sau khi
thu lai bang nam cham, vat liéu Fe;0,/GO duogc
lam kho & 45 °C trong 24 gio va san sang dé tai
su dung [10].

Cic chi tiéu phan tich

Gian dd XRD: duoc do trén may Advanced
X8, Bruker, budc song AX = 0,154 nm, ¢ Vién
Khoa hoc Vit liéu Ung dung.

Phé FTIR: duoc do trén may Alpha—E,
Bruker, & Phong Thi nghiém Trong diém CNHH
& DK, Truong Pai hoc Bach Khoa, PHQG-
HCM.

Anh SEM: dugc chup trén méay S4800 —
NIHE 10 kV 8,2 mm x 250 k SE(M, LAO0), &
Vién Vé sinh dich té Trung wong.

Anh TEM: dugc chup trén may TEM
JEM1010-JEOL cuaa Phong thi nghiém siéu ciu
tric ¢ Vién Vé sinh dich té Trung wong, Ha Noi.
Mau dugc phan tan trong nudc véi nong do 0,5
mg/mL H,0.

Phuong phap hip phu dang nhiét BET: dugc
do trén may Altamira — AMI 200, & Phong Thi
nghiém Trong diém CNHH & DK, Truong Dai
hoc Bach Khoa, PHQG-HCM.
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Phan tich nhiét trong lugng TGA: dugc do
trén may TGA Q500 ¢ Phong thi nghiém Hiép
hoi Nhya Viét Nam, 156, Nam Ky Khéi Nghia,
P. Bén Nghé, Q.1, TP. H Chi Minh.

Phd ICP-OES: dugc do trén may Optima
Emission Spectromter 4300DV, & Phong phan
tich Trung tdm, Truong Pai hoc Khoa hoc Tu
nhién, PHQG-HCM.

KET QUA VA THAO LUAN
Graphene oxide

Gian do XRD

Két qua phan tich gian do nhidu xa XRD dbi
v6i mau GO va graphite duoc thé hién ¢ Hinh 2.
Gian d6 cua GO khéng c6 xuét hién dinh nhidu
Xa dic trung cua graphite & 20 = 26,5°, nhung
xuat hién cac dinh di chuyén vé 20 = 11,12°.
Ddng thoi, khoang cach giira cac 16p da duoc
nang 1én dang ké. O graphite, khoang cach giira
cac lop chi 1a 3,35 A, nhung & mau GO thi
khoang céch gitra cac 16p tang 1én dén 9,12 A.
Két qua nay 1a do qua trinh oxy héa da giup cho
cac nhom chuc cé oxygen nhu —OH, —O—, -C=0
va —COOH chén vao gitra cac I6p dan dén lam
nang rong khoang cach giira cac lop graphite
[12].

d=335
d=9,12
” GO
J L Graphite
T T T T
10 20 30 40 50

Hinh 2. Gian d6 XRD cua graphite va GO.

Phé FTIR

Hinh 3 trinh bay pho FTIR cua graphite va
GO. Sy xuat hién cac dao dong ¢ khoang 1040,
1610, 1725 va 3210 cm™ tuong (tng véi céc dao

déng cua cac nhém C-O, C=C, C=0 va O-H di
minh ching su hién dién cua cdc nhém chirc
chira oxy trong GO [13].

OH

Graphite

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (ecm)

Hinh 3. Phé FTIR cua graphite va GO.

FesO4/Graphene oxide

Gidn @6 XRD

Két qua phan tich gian do nhiu xa XRD dbi
voi mau Fe;0,/GO dugc thé hién ¢ Hinh 4. Pho
cia Fe;0,/GO xuit hién cac dinh nhidu xa dic
trung cua Fe;O, tai cac gia tri 20: 18,3% 32,5%
41,5% 47,5% 58% 77,5°. Két qua nay ciing phu
hop véi nghién ciru da cong b trude day [6]. Su
vang mat cua dinh nhiéu xa dic trung ciia GO
(26 = 11,12° chung t6 cac l6p GO di duoc tach
I6p hoan toan nho danh siéu 4m trong qua trinh
t6ng hop.

20 degree

Hinh 4. Gian dd XRD cua Fe;0,/GO.
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Phé FTIR

Két qua phan tich phé FTIR déi v6i mau
Fe;0,/GO dugc thé hi¢n ¢ Hinh 5. Qua d6, cho
thiy cac nhom chic dic trung cho FeO4 VA céc
nhém chirc dic trung cho GO déu xuét hién trong
mau vt lidu Fe;0,/GO. Cu thé, hap thu tai 3380,
1700, 1399, 1053 va 596 cm™ twong tng véi cac
nhém chuc —-OH, -C=0, C=C, C-0O va Fe-O.
Két qua nay tuong ddng vai nghién ciu da cong
bé [6].

c=0
on

— 77—
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm-1

Hinh 5. Phd FTIR cia Fe30,/GO.

Anh SEM

Hinh 6 trinh bay anh SEM cua vat liéu
Fes04/GO, qua d6 cho thay Fe;O, c6 dang hinh
cau vai kich thuée khoang 9 - 12 nm.

Su két hop cua Fe;O, va GO c6 thé giai thich
dua trén su tao lién két tinh dién cua cac hat
Fes04 vai cac nhém chire hydroxyl (—OH), epoxy
(-O-), carbonyl (-C=0), carboxyl (-COOH),...
trén cac 16p GO. Nho cac lién két nay gitp co
dinh hodc xen ké& cac hat Fe;O4 vao cac vong 6
canh trong mang lugi GO [14].

Hinh 6. Anh SEM ctia Fe;0,/GO.

Anh TEM

Hinh 7 trinh bay anh TEM cua vat liéu
Fe;04/GO, qua d6 cho thiy Fe;O, c6 dang hinh
cau voi kich thuéc khoang 10 nm. Anh TEM
cling cho thay cac mang mo la cac tim GO, céc
hat sit tir phan tan rai réc trén cac tim GO. Tuy
nhién, cac hat st tir két tu kha nhiéu trén tim GO
nén d6 dan trai thap, c6 nhiéu chd c6 mat do day
didc hon. Nhung trén tong thé van thay rd vat liéu
nén (GO) va vat licu don (Fe;0,). Két qua nay
cling phu hop véi cac nghién ciru da cong bd [9,
15, 16].

Hinh 7. Anh chup TEM ciia Fe;04/GO.
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Dién tich bé mit riéng

Két qua do dién tich bé mat riéng cua
Fe;0,/GO 1a 72,9 mzlg. Gia tri nay la kha Ion khi
s0 séanh voi mot s loai vat lidu composite duoc
trinh bay ¢ Bang 1. Diéu nay la do ban than GO
da co dién tich bé mat riéng 16n va khi két hop

VGi cac hat Fe;0, thi cac hat nay dugc phan tan
va xen ké gitra cac I6p GO lam nang rong khoang
cach giita cac 16p GO dan dén cac 16p GO khdng
bi tich tu tro lai va vi vay lam tang dién tich bé
mat riéng cua vat liéu nanocomposite nay.

Bang 1. Dién tich bé mat riéng cua céac vat liéu composite [8]

Vit liéu

Dién tich bé mat riéng (m?/g)

Fe304/GO

MgAI — layered double hydroxides/GR

Magnetic GR
Sulfonated Fe;0,/GO

MgAI — layered double hydroxides/GO

Fe;04/GR sheets

72,90
34,97
42,10
92,79
35,40
93,70

Tu tinh

Hinh 8A va 8B thé hi¢n tir tinh cua vat ligu
Fe304/GO. Khi phan tan Fe;0,/GO vao nudc, vat
liéu nay phan tan tét va tao hé huyén phu kha bén
(24 gio). Dya vao tir tinh cua cac hat sat tir nén
vat liéu Fe;0,/GO dé dang tach ra khoi dung dich
nho nam cham. Tinh ning nay da thé hién kha
nang thu hdi va tai sir dung vat liéu hap phu
Fe;04/GO.

Hinh 8. Mau huyén phu Fe;0,/GO trudc a) va sau b)
khi thu hoi bang nam cham.

Phan tich nhiét trong lwgng TGA

Két qua phan tich nhiét trong luong TGA cua
vt liéu nanocomposite Fe;0,/GO duoc thé hién
& Hinh 9. Theo d6, tir 50-130 °C ¢6 su giam nhe
khéi luong do béc hoi nude trén bé mat vat liéu.
O giai doan nay, duong DTG cho thidy mot dinh

thu nhiét. Giai doan mat khéi luong chu yéu Ia tir
130-280 °C do sy phan hay nhiét cia cac nhdm
chirc epoxy va carboxyl trén GO. Gitra 280-370
°C l1a giai doan giam nhe khéi lugng do sy phan
hay cia cac nhom chac chia oxygen bén hon
nhu carbonyl va hydroxyl. T 370 °C, céc
nguyén tu carbon bit dau bi chay. Nhiét d6 phan
hity cua Fe;0, kha cao (trén 750 °C) nén két qua
khong thé hién su phan hiy Fe;0,. Cac giai doan
thay doi khdi luong cua Fe;0,/GO la ph hop khi
so sanh vai nhitng nghién ctu trude day vé GO
va Fe;0,/GO [6, 10, 13].

100 0.10

DTG

Weight (%)

100 200 360 ) 500 600
Temperature (-C)

Hinh 9. BPuong TGA va DTG cua Fe30,/GO.
Hép phu ding nhiét theo mé hinh Langmuir

Bang 2 trinh bay két qua do nong do C. sau
hap phu tuong ung véi ndng d6 C, ban dau cua
dung dich chira ion Pb®* bang ICP — OES.
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Bang 2. Két qua khao sat anh huong ciia ndng do ban dau cua ion Pb* dén sy hip phu

STT  Co(ppm) Ce(ppm) de(mg/g)  Celge
1 48,2 19,5 28,7 0,68
2 95,1 59,0 36,1 1,63
3 143,6 98,2 454 2,16
4 1911 145,4 45,7 3,18
5 254,6 204,7 49,9 4,10
o0 4.5
4 .
50 4 . 35 |
= 40 1 : 3 .
5l o 2.5 1
E 304 @ _U., 3 ™
¥ 201 l'f | y y =0,0183x + 0,423
10 1 05]® R* = ,9937
0 T - i}
0 100 200 300 0 100 200 300
C,(mgT) C, (mg/T)
A. B.

Hinh 9. (A) Pudng hip phu can bing ciia Fe;0,/GO va (B) dang tuyén tinh ciia phuong trinh hip phu Langmuir.

DPuong hip phu cua vat liéu Fe;0,/GO dwgc  hinh hap phu ding nhiét Langmuir. Voi gia tri

trinh bay & Hinh 9, qua d6 cho thiy dung lugng
hip phu cuc dai Qmay 12 54,64 mg/g va qué trinh
hip phu ion Pb®* bing Fe;0,/GO tuan theo md

Omax DAy dd thé hién kha ning hip phu cua
Fe;0,/GO dbi véi ion Pb?* 1a cao hon so vdi cac
vat liéu khac ¢ Bang 3.

Bang 3. Gia tri gmax cua Mot 56 chat hip phu déi vai ion Ph?*

Chit hip phu Qmax (MQ/Q) Tai ligu tham khao
Fe;04/GO 54,64 Két qua trong nghién ctru
Zeolites 137,00 [17]

Carbon hoat tinh tir tdo xanh 22,93 [18]

Zeolite 5A 37,59 [19]

Carbon hoat tinh 54,95 [19]

KET LUAN

GO dugc tong hop theo phuwong phap
Hummers cai bién, Fe;O, dwoc tong hop theo
phuong phap ddng két tia va vat liéu Fe;0,/GO
nanocomposite di dwoc tong hop theo phuong
phap phdi tron huyén pho. Gian do XRD cua
Fe;s04/GO di cho thiy cac dinh nhidu xa dic
trung cua vat liéu ndy. Phd FTIR di thé hién cac
nhém chirc hién dién trong Fe;0,/GO. Anh SEM
cho thay hinh théi bé mat cua vat liéu véi céc hat

sat tir c6 dang hinh ciu. Anh TEM di thé hién sy
phén tan cua Fe;O,4 trong vat liéu nanocomposite
véi kich thuae hat trong khoang 10 nm. Dién tich
bé mat riéng BET cua vat lidu 1a 72,9 m%/g. Két
qua phan tich nhiét trong luong TGA cho thiy do
bén nhiét cua vat liéu. Ngoai ra, mo hinh hip phu
dang nhi¢t Langmuir cho dung luong hip phu
cuc dai cua vat liéu nanocomposite nay ddi voi
ion Pb?* 1a 54,64 mg/g.
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Synthesis of Fe;O,4/graphene oxide
nanocomposite for the treatment of
heavy metals in the contaminated

wastewater

e Nguyen Huu Hieu
e Dang Thi Minh Kieu
e Phan Thi Hoai Diem
University of Technology, VNU-HCM

ABSTRACT

In this research, Fez;04/graphene oxide
nanocomposite was synthesized as an
adsorbent for removal of Pb* from
contaminated wastewater. According to this
route, graphene oxide (GO) was synthesized
from graphite via a modified Hummers
method and for the preparation of Fe;0,/GO
nanocomposite by impregnation. The result
of XRD analysis showed that Fe;0,/GO
nanocomposite has characteristic diffraction
peaks corresponding to FesO, and GO.
Analysis of FTIR spectra indicated that the
specific functional groups of Fe;O, and GO
in the nanocomposite. SEM and TEM
images presented Fe;O,4 nanoparticles in the
average size of 10 nm are distributed on the

surface of GO sheets. The BET specific
surface area of the nanocomposite is about
72.9 m2/g. The TGA analysis demonstrated
the thermal property of Fes;0,/GO
nanocomposite. This material showed
excellent magnetic behavior and therefore
after adsorbing it can be recovered by
applying an external magnetic field. The
adsorption capacity of this nanocomposite
was investigated and the concentration of
residual Pb®* ions in the solution was
measured using ICP-OES. Equilibrium
adsorption data were fitted by Langmuir
isotherm model and the predicted maximum
adsorption capacity was 54.64 mg/g.

Keywords: graphene oxide, nanocomposite, wastewater, adsorption, heavy metal ions.
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