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CHE TAO VAT LIEU NANO LAI GO/FesOs PINH HUONG UNG DUNG
LOAI BO KIM LOAI NANG TRONG NUOC O NHIEM

Nguyén Viin Hao'", Chu Thi Anh Xuin?, Nguyén Ngoc Anh? Pham Vin Trinh?
Truong Dai hoc Khoa hoc — DH Thai Nguyén,
2Vién Khoa hoc Vat liéu - Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Chung t6i trinh bay viéc ché tao vat liéu nano lai GO/ Fe30, bang phuong phap dong két tia. Cac
tinh chat cu tric, hinh thai va 1y hoa cua vat liéu nano lai duge déc trung boi phuong phap XRD,
anh SEM, FTIR va Raman. Két qua chi ra, cac hat nano Fe3O4 v6i kich thude nho, c6 tinh x6p va
gan két t6t v6i cac tam graphene ciia GO. Hiéu suat hip phu As(IIT) 1én t61 95.24 % va dung lugng
hap phu cuc dai c6 thé dat dwoc 1én téi 112,2 mg/g. SO lidu thyc nghiém fit t5t véi mo hinh
Langmuir (R2 = 0.9983). Pay duoc coi 1a mot vat liéu c¢6 tiém ning 16n trong viée xir Iy nude thai
chira kim loai nang trong moi trudng nudc.

Tw khéa: Vit lieu nano lai; GO/ Fe3Qq; hd'p phu As(11l); xw ly nuoc thai; kim logi nang
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ABSTRACT

The paper presents the synthesis of GO/Fe;Os hybrid nanomaterials by the co-precipitation
method. The structural, morphological and physicochemical properties of hybrid nanomaterials
were characterized by XRD, SEM, FTIR and Raman methods. The results showed that FezO4
nanoparticles with small size, porosity and good bonding with graphene sheets of GO. As(lll)
adsorption efficiency of GO/ Fez04 was up to 95.24% and the maximum adsorption capacity could
reach up to 112.2 mg/g. Experimental data fit well with Langmuir model (R? = 0.9983). This is
considered a material with great potential in treating heavy-metal containing wastewater in water
environment.
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1. Mé dau

Nudc sach 1a mot trong nhitng nhu cau thiét
yéu nhat trong doi song con ngudi. N6 ¢é vai
tro vo cung quan trong trong viéc bao vé€ stic
khoe cong dong, gop phan duy tr1 va phat
trién an sinh x4 hoi. O nhidém ngudn nuéc la
mot trong nhitng vin dé nghiém trong nhat
cua toan thé gidi, dac biét la su 6 nhiém cac
kim loai déc hai [1], [2]. Cac ion kim loai doc
hai dugc thai ra tr cac khu cong nghiép nhu
luyén kim, ma dién, khai thac khoang san....
theo cac dong chay tac dong truc tiép toi hé
sinh thai m6i truong va suc khoe con ngudi,
dong vat...

Hién nay c6 nhiéu k¥ thuat khac nhau dé loai
b6 ion kim loai nang ra khoi ngudn nudc nhu
két tua hoa hoc, trao ddi ion, mang loc, hip
phu,... M&i phwong phap déu c6 nhimg wu
diém riéng, tuy nhién, hip phu duoc cho la
mot phuong phap don gian, dé thyc hién, hiéu
qua va ré tién nhat [3], [4]. Cho t&i nay, co
nhiéu vat liéu nhu cac bon hoat tinh, khoang
sét, zeolite, polyme... dd dugc 4ap dung réng
rdi dé xir Iy nude thai [5]-[8]. Tuy nhlen hau
hét cac vat liéu nay déu gip phai Van dé vé
kha ning hip phu thap hoic khong 6n dinh &
cac gia tri pH thap hodc cao. Trong nhiing
nim gan day, Graphene oxit (GO) la mot
trong nhimg vét liéu nano carbon tiéu biéu
nhd kha ning hip phu cao va dién tich bé mat
I6n, da thu hut duoc nhiéu sy quan tam
nghién ctru ctia cac nha khoa hoc [9], [10].
Mic du vay, GO van co nhitng han ché,
chang han nhu khong dé dang tach khoi dung
dich nuéc vi kha ndng phan tan cao trong
nude va kich thude nho; do do, 1am han ché
cac ung dung ctia GO. Dé gidi quyét van dé
nay, cac nha khoa hoc da cb ging dé ché tao
cac vat liéu nano-hybrid gitta GO va oxit tu
tinh [11] [12]. Mot trong nhitng oxit tir tinh
¢6 nhiéu vu diém trong y sinh hoc va xir ly
moi truong 1a FesOa. Cac vat liéu hybrid GO/
FesOs tir tinh dd dugc nghién ciru dé chiét
tach cadimi(Il), loai bo kim loai ning nhu Cu,
Ni, As, Pb hay hip phu thuéc nhuém khac

nhau [13]-[15]. Tuy nhién, kha nang hip phy
cac kim loai nang cua vat liéu hybrid GO/
Fes04 trong cac bao cao truéc d6 chua dugc
cao. Trong bai bao nay, ching t6i bdo céao
viéc ché tao vt liéu nano lai GO/ FesOy b'?lng
phuong phép dong két tua dé dinh hudng tng
dung xt Iy kim loai doc hai trong nudc.

2. Thuc nghiém

2.1. Vit liéu va héa chat

Céc hoa chat dugc sir dung trong cong viéc niy
bao gdm FeCl».4H,0, FeCls.6H.0, NH,OH,
NaOH, HCI, HNO3 va H,SOs dugc cung cap
boi Aladdin Chemical (Trung Qudc). NaAsO,
duoc cung cap boi Fluka (Ha Lan).

2.2. Ché tao vt li¢u lai GO/ FesOy

Graphene oxide (GO) st dung trong thi
nghiém nay duoc cung cap tir graphen thuong
mai boi phuong phéap bién tinh sir dung axit
HNO3 va H,SO.. Dé tong hop vat lidu lai
GO/Fes304, 0,1 g GO da dugc phan tan trong
50 ml nu6c cét hai lan va duoc rung siéu am
trong 45 phit. Tiép do, 0,49 g FeCl,.4H,0 va
1,35 g FeCls.6H,0 dugc phan tan trong 50 ml
nudce cat 2 1an va duoce tron voi dung dich GO
& trén. Sau do6, hdn hop dugc khudy tir & 80
°C trong 40 phut rdi dwoc nhé tir tir NH4,OH
cho t61 khi pH cua dung dich dat gia tri 11.
Sau d6 30 phut, két tia mau den thu duge
dugc 1am ngudi 6 nhiét do phong va dugc rira
lai bang nuéc cat vai 1an cho t6i khi dat do
pH trung tinh. Cudi cing mau duoc sy kho &
60 °C trong thoi gian 2h.

2.3. Cac dac trung cua vdt liéu

CAu trac va hinh thai hoc cta vat liéu ché tao
duge do béi may nhiéu xa tia X (XRD — D8
ADVANCE), kinh hién vi dién tir quét SEM
(Hitachi S-4800). Céc tinh chat 1y - hoa dugc
dic trung boi may quang phd hong ngoai bién
d6i Fourier (FTIR 6300) va quang phd Raman
(XploRA, Horiba Jobin-Yvon).

2.4. Thuee nghiém hap phu

Thyc nghiém hép phu dugc thyc hién bz:ing
cach tron vat li€u hap phu voéi dung dich
As(III) trong binh tam giac. Hi¢u g ctua do

142

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Vin Hao va Dtg

Tap chi KHOA HQC & CONG NGHE PHTN

225(14): 141 - 146

pH duogc thuc hién véi lugng chét hép phu 0,5
mg/mL trong thé tich 40 ml dung dich As(III)
& ndng d6 10 mg/L. P pH duoc didu chinh
bang cach sir dung axit dung dich HCI 0,1M
va bazo NaOH 0,1M. Hiéu tng cua nong do
As(Ill) dwoc thuc hién bang cach thay dobi
ndéng do As(IIl) tir 5 mg/L téi 300 mg/L véi
ndng d6 chéat hip phu 0,5 mg/mL. Dung dich
dugc lic theo thoi gian & nhiét d6 phong boi
may lic (MaxQ 4000). Sau qua trinh lic, chit
hép phu duoc tach ra va ndng d6 As(III) dugc
do boi may quang phd AAS (Hitachi).

3. Két qua va thao luan

3.1. Cdc ddc trung cua vt liéu lai GO/ Fe30.

3.1.1. Phén tich cdu tric va hinh thai hoc ciia
vat liéu

Mau XRD cia vat liéu lai GO/FesOs duogc
trinh bay trong Hinh 1. Két qua chi ra, dinh
dac trung cua GO ¢ goc 20 = 10,7° ung véi
mit phang (002), trong khi cac dinh ddc trung
cho FesOs xuat hién ¢ cac goc 20 = 30,22
35.64°; 43,12° 53,80° 57,13° va 62,80° twong
g v6i cac mat phang phan xa (220), (311),
(400), (442), (511) va (440). Cac dinh nay phu
hop v6i cdu tric 1ap phuong tim mit cua tinh
thé spinel FesO4 (JCPDS file s6 19-0629) [16].

- )

-
IMS-NKL 5.0kV 9.4mm x100k SE(M)

T T T T

(440)

(511) 62.8

(400) 57.13
4312 (442)
53.8

Intensity (a.u.)

40 50 60 70
2-Theta (deg.)

Hinh 1. Phé XRD ciia vdt liéu lai GO/ FesO4
Pé khao sat cau triic va hinh thai cta vat liéu
lai GO/ Fes04, anh SEM cua vat liéu ché tao
da duoc st dung cho viéc quan sat. Hinh 2 chi
ra anh SEM ctia vat ligu lai GO/ FesOa. Két
qué cho thdy, cac hat nano Fe3Os c6 dang tua
ciu v6i kich thude trung binh nho (< 20 nm)
(Hinh 2a) dd dugc gin chit trén bé mat cua
cic tim GO (Hinh 2b). Quan sat anh SEM
cling cho théy, vat liéu ché tao duogc co tinh
x6p va tao ra nhiéu 16 réng. Ngoai ra, nho c6
cac tim GO nén cac hat nano FesO4 da khong
bi két dam lai. Pidu nay giup cho vat liéu co
kha ning thich mg t6t cho cic tmg dung
trong xu ly moi truong.

Fi

2.00um

Hinh 2. Anh SEM ciia vit liéu Fe3O4 (a) va GO/ Fe304 (b)

3.1.2. Phdn tich cac dac trung lién két cia vat liéu

Dé khao sat cac lién két hoa hoc trong vat liéu, phé FTIR va Raman da dugc sut dung. Hinh 3a
chi ra phé FTIR cta vat liéu lai GO/ FesO,. Két qua chi ra, phé FTIR cua GO/ Fe304 gém mot
ving rong véi dinh hap thy ¢ 3424 cm tuong g véi cac lién két O-H. Dinh hép thy xuét hién &
2361 cm? va 1566 cm™ duoc quy cho sy dao dong kéo ctia nhdm —C=C va C=C, trong khi c4c dinh &
1331 cm? va 1213 cm™ lién quan t6i cac nhom chitc COO- va C-O trén bé mit cia GO twong tmg.
Dinh xuat hién & 576 cm™ dic trung cho lién két Fe-O giita cac hat nano FesO4 va GO [17].
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Hinh 3. Phé FTIR (a) va Raman (b) ciia vit liéu lai GO/ Fe30,
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Hinh 4. Puong ding nhiét hdap phu ciia As(I) (a) va dwong déng nhiét Langmuir cho sw hdp phu As(I1I)
(b) 1én GO/ Fe304 (¢ 25 °C, pH = 7, lwong chdt hap phu 0,5 mg/mL)

Ngoai ra, dé hiéu rd hon vé cic mode dao
dong, pho Raman di dugc do & budc song
532 nm nho sir dung may quang phd Raman
XploRA. Hinh 3b chi ra phé Raman ctia vat
lidu lai GO/ Fe3Oa. Két qua cho thay, hai dinh
& 1347 cm™ va 1590 cm™ xuat hién tuong
ung voi vung D (dac trung cho mode dao
dong Aig cia cac sai hong cua cac nguyén tir
carbon sp® va canh cua mit mang) va vung G
(dac trung cho cac phonon Ep; cia cac
nguyén tir carbon sp?) [18]. Cac dinh xuat
hién & 219 ecm?, 278 cm™ va 390 cm™ twong
ung voi mode dao dong Ey, trong khi dinh
591 cm? dugc quy cho mode dao dong Aiq
cua Fes04 [19].

3.2. Ung dung xir Iy As(IIl) ciia vit liéu lai
GO/ Fe304

3.2.1. Hap phu ding nhiét

Thuc nghiém hip phu As(Ill) da dugc thyc
hién dé khao sat hiéu suit hap phu cua vat
lidu lai GO/ FesO,. Dung luong hap phu cin
bang dbi v6i chat hip phu (ge) co thé duoc
tinh toan boi ndng do cua As(III) trude va sau
xur ly:

C CV (1)
m

e
Dé’ xéq dinh dung luong I}ép phu cuc dai cua
chat hap phy, mo hinh dang nhiét Langmuir
da duoc st dung theo biéu thirc sau:
C__t ,GC @
qmax

qe qumax
Véim (g) va Ce (mg/L) la khoi luong va nong
d6 ¢ trang thai can bang cua chat hap phy, V
(mL) 1a thé tich cua dung dich, k. (L/mg) la
hing s6 va gmax (mg/g) 1a dung luong hip phu
cuc dai.

Puong dang nhiét hip phu ciia GO/ FesOs
duogc chi ra trong Hinh 4a. Dé fit cac sb lidu
thuc nghiém trong can bang hip phu, mé hinh
dang nhiét Langmuir da duoc st dung (Hinh
4b). Bang 1 chi ra cic tham s6 cia mo hinh
dang nhiét Langmuir. Két qua cho thiy, mo
hinh Langmuir (R? = 0.9983) phu hop tt véi
cac sb liéu thuc nghiém thu dwoc va dung
luong hip phu cuc dai cua GO/ FesOs dat
dugc co thé 1én t6i 1122 mg/g. Bay la mét

gié tri cao hon so v&i mot s6 cong bd trude do
[20]-[22].
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Bang 1. Cdc tham s6 ddng nhiét hap phu ciia mé hinh Langmuir

R Omex (MQ/q)

kL (L/mg)

0,9983 112,2

0,015

3.2.2. Anh huong cia do pH

Anh huéng cia d6 pH dung dich 1én su hép
phu As(III) bdéi GO/ FesOs ¢ cac gia tri pH 2
— 10 dugc trinh bay trong Hinh 5. Két qua cho
thdy, su hap phu As(IIl) 1én GO/ FesO4 phu
thudc vao d6 pH cua dung dich. Khi d¢ pH
ciia dung dich ting tir 2 t&i 10 thi hiéu suét
loai bo As(III) ting dang ké va khi pH dat gia
trj 6 thi hiéu suat hap phu dat gia tri cuc dai,
sau d6 d6 hip phu giam dan tir pH 8. O pH 6-
8, hiéu suit loai bo As(IIl) cuc dai cia GO/
FesO4 dat duoc 13 95,24 %. Anh hudng cua
d6 pH 1én su loai bo As(III) c¢6 thé do nhiéu
yéu té canh tranh nhau, trong d6 c6 luc hap
dan hat hodc day do twong tac tinh dién giira
ion As(IIl) va bé mat cua vat liéu hép phu
[23], [24].

1004 T T T T T T T T T .

804

60 A

40 -

20

Adsorption efficiency (%)

Hinh 5. Anh huong ciia dj pH lén kha nang
hap phu As(1ll) ciia GO/ Fe304

4. Két luan

Chting t6i da ché tao thanh cong vat li€u nano
lai GO/ FesOs bang phuong phap dong két
tua. Két qua chi ra, vat liéu nano lai c6 day du
dic trung cia vat lidu composit v6i tinh xdp,
kich thudc hat FesO4 nho va lién két chat ché
v6i GO. Két qua hap phu As(IIl) chi ra vat
liéu ché tao dugc cho kha ning hap phu dat
hi€u qua cao (1én téi 95,24 %) va dung lugng
héap phu phu thuéc manh vao d6 pH cta dung
dich. S6 liéu thyc nghiém fit tot véi mo hinh
Langmuir (R? = 0.9983) va cho cuc dai hép

phu 1én t6i 112.2 mg/g. Didu nay da chimg to
rang vat liéu ché tao dugc nhu mdt chat hap
phu hiéu qua ma co6 thé sir dung de xur ly cac
ion kim loai nang ra khéi moi truong nudec.
L&i cdm on

Céac tac gia xin cam on sy ho trg kinh phi tir
dé tai KHCN cép Bo (ma s6 B2019-TNA-15).

TAI LIEU THAM KHAO/ REFERENCES

[1]. Y. Wu, H. Pang, W. Yao, X. Wang, S. Yu, Z.
Yu, and X. Wang, “Synthesis of novel rod-
like metal-organic framework (MOF-5)
nanomaterial for efficient removal of U(VI):
batch experiments and spectroscopy study,”
Science Bulletin., vol.63, p. 831e839, 2018.

[2]. Y. Wu, H. Pang, Y. Liu, X. Wang, S. Yu, D.
Fu, and X. Wang, “Environmental
remediation of heavy metal ions by novel-
nanomaterials: a review,” Environmental
Pollution, vol. 246, p. 608e620, 2019.

[3]. X. Li, Y. Liu, C. Zhang, T. Wen, L. Zhuang,
X. Wang, and X. Wang, “Porous Fe;Os3
microcubes derived from metal organic
frameworks for efficient elimination of
organic pollutants and heavy metal ions,”
Chemical Engineering Journal, vol. 336, p.
241e252, 2018.

[4]. S. Yu, L. Yin, H. Pang, Y. Wu, X. Wang, P.
Zhang, B. Hu, Z. Chen, and X. Wang,
“Constructing sphere-like cobalt-
molybdenum-nickel ternary hydroxide and
calcined ternary oxide nanocomposites for
efficient removal of U(VI) from aqueous
solutions,” Chemical Engineering Journal,
vol. 352, p. 360e370, 2018.

[5]. X. Ren, J. Li, X. Tan, and X. Wang,
“Comparative study of graphene oxide,
activated carbon and carbon nanotubes as
adsorbents for copper decontamination,”
Dalton Transactions, vol. 42, p. 5266e5274,
2013.

[6]. G. Zhao, H. Zhang, Q. Fan, X. Ren, J. Li, Y.
Chen, and X. Wang, “Sorption of copper(Il)
onto super-adsorbent of bentonite-
polyacrylamide composites,” Journal of
Hazardous Materials, vol. 173, p. 661-668,
2010.

[7]. Y. Huang, J. Li, X. Chen, and X. Wang,
“Applications of conjugated polymer based

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

145


http://jst.tnu.edu.vn/

Nguyén Vin Hao va Drg

Tap chi KHOA HQC & CONG NGHE PHTN

225(14): 141 - 146

composites in wastewater purification,” RSC
Advances., vol. 4, p. 62160-62178, 2014.

[8]. S. Gupta, and K. Bhattacharyya, “Adsorption
of heavy metals on kaolinite and
montmorillonite: a  review,”  Physical
Chemistry Chemical Physics, vol. 14, p. 6698-
6723, 2012.

[9]. S. Yu, J. Wang, S. Song, K. Sun, J. Li, X.
Wang, Z. Chen, and X. Wang, “One-pot
synthesis of graphene oxide and Ni-Al layered
double hydroxides nanocomposites for the
efficient removal of U(VI) from wastewater,”
Science China Chemistry., vol. 60, p. 415-
422, 2017.

[10]. X. Liu, R. Ma, X. Wang, Y. Ma, Y. Yang, L.
Zhuang, S. Zhang, R. Jehan, J. Chen, and X.
Wang, “Graphene oxide-based materials for
efficient removal of heavy metal ions from
aqueous solution: A review,” Environmental
Pollution, vol. 252, p. 62-73, 2019.

[11]. J. Li, C. Chen, R. Zhang, and K. Wang,
“Reductive immobilization of Re(VII) by
graphene modified nanoscale zero-valent
iron particles using a plasma technique,”
Science China Chemistry., vol. 59, pp. 150-
158, 2016.

[12]. M. Liu, C. Chen, J. Hu, X. Wu, and X.
Wang, “Removal of Cu(Il) and fulvic acid
bygraphene oxide nanosheets decorated with
Fes304 nanoparticles,” ACS Applied Materials
& Interfaces, vol. 4, pp. 4991-5000, 2012.

[13]. G. H. Le, A. Q. Ha, Q. K. Nguyen, K. T.
Nguyen, P. T. Dang, H. T. K Tran, L. D. Vu,
T. V. Nguyen, G. D. Lee, and T. A. Vu,
“Removal of Cd?>* and Cu? ions from
aqueous solution by using Fe—FesOa4/graphene
oxide as a novel and efficient adsorbent,”
Materials Research Express, vol. 3, p.
105603, 2016.

[14]. G. Ur Rahman, A. F. Ismail, P. S. Goh, M.
R.-D. Arzhandi, and N. IsmailJurnal, “Aptes
and teos modified binary recyclable hybrid
Fe;0,@GO nanocomposite for photocatalytic
dye removal,” Teknologi (Sciences &
Engineering), vol. 80, no. 4, pp. 157-164,
2018.

[15]. T. V. H. Nguyen, T. A. T. Nguyen, V. D.
Hoang, D. C. Nguyen, Q. K. Dinh, and V. Vo.
“Fe304/Reduced Graphene Oxide
Nanocomposite: Synthesis and Its Application
for Toxic Metal lon Removal,” Journal of
Chemistry. vol. 2016, 10 pages, 2016, Article
ID 2418172.

[16]. W. Wu, X. H. Xiao, S. F. Zhang, H. Li, X.
D. Zhou, and C. Z. Jiang, “One-pot reaction
and subsequent annealing to synthesis hollow
spherical magnetite  and maghemite
nanocages,” Nanoscale Research Letters, vol.
4, pp. 926-931, 20009.

[17]. K. Yang, H. B. Peng, Y. H. Wen, and N. Li,
“Re-examination of characteristic FTIR
spectrum of secondary layer in bilayer oleic
acid-coated FesOs nanoparticles,” Applied
Surface Science, vol. 256, pp. 3093-3097,
2010.

[18]. A. C. Ferrari, and J. Robertson,
“Interpretation of Raman spectra of
disordered and amorphous carbon,” Physical
review. B, Condensed matter, vol. 61, pp.
14095-14107, 2000.

[19]. E. Mitchell, R. K. Gupta, K. Mensah-
Darkwa, D. Kumar, K. Ramasamy, B.K.
Gupta, and P. Kahol, “Facile synthesis and
morphogenesis of superparamagnetic iron
oxide nanoparticles for high-performance
supercapacitor applications,” New Journal of
Chemistry, vol. 38, no. 9, pp. 4344-4350,
2014,

[20]. Y. Yoon, W. K. Park, T.-M. Hwangc, D.
H. Yoon, W. S. Yang, J-W. Kang,
“Comparative evaluation of magnetite—
graphene oxide and magnetite-reduced
graphene oxide composite for As(lll) and
As(V) removal,” Journal of Hazardous
Materials, vol. 304, pp. 196-204, 2016.

[21]. A. . A. Sherlala, A. A. A. Raman Icon, and
M. M. Bello, “Synthesis and characterization
of magnetic graphene oxide for arsenic
removal from aqueous solution,”
Environmental Technology, vol. 40, no. 12,
pp. 1508-1516, 2019.

[22]. X. Ge, D. Xie, and Y. Zhang, “A 3D porous
carbon foam loaded with FesOas/graphene
oxide for highly effective As(lll) removal,”
New Journal of Chemistry, vol. 44, pp.
12926-12931, 2020.

[23]. Q. Chang, W. Lin, and W. Ying,
“Preparation of iron-impregnated granular
activated carbon for arsenic removal from
drinking water,” Journal of Hazardous
Materials, vol. 184, pp. 515-522, 2010.

[24]. H. Zhu, Y. Jia, X. Wu, and H. Wang,
“Removal of arsenic from water by supported
nano zero-valent iron on activated carbon,”
Journal of Hazardous Materials, vol. 172, pp.
1591-1596, 2009.

146

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

