Nghién cutu khoa hoc céng nghé

NGHIEN CUU TONG HQOP VA KHAO SAT KHA NANG XU LY XANH
METHYLEN VA PO CONG GO TRONG MOI TRUONG NUGC CUA
VAT LIEU COMPOSIT TU TiNH OXIT SAT/GRAPHEN OXIT
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1. MO DAU

Trong nhimg nam gan day, cac nganh khoa hoc nghlen clru cau tric, vat liéu
kich thuéc nano dd dwgc phat trién trén toan thé giéi. Trong d6 vat lidu
nanocomposit tir tinh dugc cac nha khoa hoc dic biét quan tdm do co nhiéu dic tinh
uu viét nhu hiéu ung kich thudc, ty 1€ dién tich bé mit trén thé tich, tuong tac tu, co
thé tach khoi moi truong nén bé'mg hi€u ung tur, c6 tinh chit bé mat dic biét, qua do
mé ra tiém ning Gmg dung trong nhiéu linh vuc nhu: cong nghé thong tin, vién
thong, y hoc va xtr ly moéi truong. Trong linh vye xtr Iy moéi truong, cac hat nano
oxit sit Fe;0, la vét li¢u tir tinh dugc nghién ctu, ung dung nhiéu nhét, chung dugc
str dung nhu mot chat xtic tac quang hoa cho qua trinh phan hay thudc nhudém [1],
hodc st dung nhu mot chat hap phu kich thude nano dé loai bo cac chat 6 nhiém kim
loai, ddc biét trong viéc xir Iy asen [2]. Tuy nhién, hat nano oxit sat ciing co nhﬁng
han ché do d& bi oxi hoa trong diéu kién méi truong, va khong hiéu qua véi cac chit
6 nhiém hitu co. Do vay, viéc két hop cac hat nano oxit sat véi vat liéu phu hop dé
tao ra mot vat liéu composit két hop dugc cac uu diém cling nhu khéc phuc dugc cac
han ché cia timg thanh phan duogc cho 1a mot giai phap hiéu qua, vat liéu nén nay
khong nhimg gitp bao vé cac hat nano oxit sit ma con c6 dién tich bé mat 16n cung
nhiéu nhom chtre trén bé mit, qua do6 nang cao hi¢u qua ing dung cua vat licu.

Graphen 1a thanh phan cu tric co ban cua graphit, hinh thanh boi don 16p cac
nguyén tir cacbon sp” duoc sép xép trong mang ludi hai chiéu theo hinh luc giac. N6
6 cac dic tinh ndi bat nhu dién tich bé mat 16n, dd 6n dinh co hoc va hoa hoc cao
va cu tric mit phing co ban duoc graphit hoa tao ra cac tuong tac n- © manh. Tuy
nhién, graphen nguyén sinh hay graphit kho duoc tmg dung dé loai bo cac chit 6
nhiém ra khoi nude va nude thai do ban chét ky nude cua chiung. Nguoc lai, graphen
oxit (GO) c6 thé dugc mg dung hidu qua cho cac quy trinh xir Iy nudc thai do su
hién dién phong phii ctia cac nhém chirc bé mit nhu hydroxyl, epoxit, cacboxyl va
nhém cacbonyl... Do vay GO c6 kha niang phan tan tot va on dinh trong méi truong
nuée. Tuy nhién, viéc tich GO sau qué trinh hap phu khoi pha nudc cé thé phirc tap
béi cac quy trinh tach thong thuong kho c6 thé loai bo hoan toan GO khéi nude, dan
dén nuoc thai da qua xir Iy chira cac hat GO c6 thé 1a tac nhan gay 6 nhiém thor cip
de doa moi truong [3]. Chinh vi vy, kha nang ap dung GO trong cac quy trinh x1r ly
nudc thai trong cac hoat dong quy md cong nghlep con rat han ché. Tuy nhién,
nhiing han ché ciia GO c6 thé dugc giam thiéu, khic phuc khi két hop véi cac hat
nano tir tinh. VAt liéu composit gitta GO va oxit sit tir s& c6 vu diém vé kha ning
hap phu, xtr Iy nhidu chat 6 nhiém cua GO két hop cing kha ning tach ra khoi moi
truong thong qua tir truong bén ngoai ctia oxit sat tir.
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Vit lidu nanocomposit két hop giita oxit sit tir va graphen oxit d duoc nghién
ctru va chung minh 1a vira ¢o6 thé sir dung nhu mot chét hép phu hiéu qua [3, 4, 5],
vira ¢6 thé dong vai trd nhu mot chat xtc tic quang cho qua trinh quang phan hay
[6, 7, 8] tng dung trong linh vyc x1r Iy moéi truong.

2. THU'C NGHIEM
2.1. Héa chat

Sat (I) clorua (FeCl,.6H,0, Merck), sat (IT) clorua (FeCl,.4H,0, Merck),
natri hydroxit (NaOH, Merck), graphit (Merck), axit clohidric (HCl, 37% w/w,
Merck), axit nitric (HNOs, 65% w/w, Merck), kali permanganat (KMnO,4, Merck),
axit sulfuric (HySO4, 98% w/w, Merck), hydro peoxit (H,O,, 30% w/w, Merck),
natri nitrat (NaNOs, Merck), xanh metylen (C;¢H;3sCIN3S, Merck), do Cong go
(C32H22N6N8.206SZ, Merck).

2.2. Tong hop nano oxit sit

Céc hat nano oxit sat tir dugc tong hop bang phuong phéap thuy nhiét theo quy
trinh nhu sau: hon hop cta FeCl;.6H,O va FeCl,.4H,0 dugc hoa tan vao 200 mL
nuée cit. Sau d6, dung dich NaOH duoc thém vao trong diéu kién khuéy lién tuc
(pH ~ 12). Hn hop nay tiép d6, dugc chuyén vao binh thuy nhiét 10i bang teflon,
thuc hién phan Gmg thuy nhiét ¢ 150°C/ 7 gi¢. Sau khi két thuc phan tmg, san pham
duoc loc loai bo ion, say ¢ 80°C trong 12 gio.

2.3. Tong hop graphen oxit

Graphen oxit (GO) dugc tong hop tir graphit dua theo phuong phap Hummer’s
cai tién nhu sau: 3 g bot graphit dugc thém vao 42 mL H,SO, dac, lam lanh va
khudy lién tuc trong 30 phat. Thém tir tir 9 g KMnO, vao hdn hop, duy tri nhiét do
khong qua 35°C, khudy tiép tuc trong 30 phut. Nudc cat duge thém tir tir vao hdn
hop, nhiét do hé dugc duy tri khong qua 50°C, tiép tuc khudy trong 1 gio. 10,5 mL
dung dich H,0, 30% dugc thém vao dé loai bo pemanganat va mangan dioxit con
lai sau phan tmg, sau d6 san pham duoc loc rira véi axit clohydric lodng va nudc cat
dén trung tinh. Siy kho & nhiét d6 50°C trong chan khong.

2.4. Tong hop composit GO/Fe;0y4

Vit lieu composit GO/Fe;04 duge ché tao theo quy trinh tuong tu nhu quy
trinh tong hop cac hat nano oxit sit tir: hdn hop cua FeCl;.6H,O va FeCl,.4H,0
dugc hoa tan vao 200 mL nudc cat da dugc phan tin graphen oxit bang rung siéu
am. Sau do6, dung dich NaOH duoc thém vao trong diéu kién khudy lién tuc (pH ~
12). Hon hop nay tiép do, duoc chuyén vao binh thity nhiét 15i bang teflon, thuc hién
phan tng thuy nhiét & 150°C trong 7 gid. Sau khi két thuc phan tng, san pham duoc
loc loai bo ion, sdy & 80°C trong 12 gio.

2.5. Cac phwong phap khao sat dic tinh cia vat liéu

Vit liéu sau khi tong hop duoc s& duge do nhidu xa tia X trén may MiniFlex

600 Rigaku véi buc xa CuK, (A = 1,5418 A, 20/steps = 0,03 °/step), do quang phd
hdng ngoai bién ddi Fourier trén thiét bi FT/IR-4600 Jasco trén nén KBr (do trong
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dai 400-4000 cm™). Hinh thai bé mat cia hat vat lidu duoc phan tich bing phuong
phap hién vi dién tir quét trén thiét bi SEM TM 4000 plus Hitachi va tinh chat tur cua
vat liéu dugc ddc trung bang do tir hoa bdo hoa trén hé thiét bi tir ké mau rung
(VSM) trong khoang tir trudng tir -11,5 dén 11,5 kOe & nhiét d6 phong.

2.6. Khio sat kha nang xir ly xanh metylen

Mot luong 0,050 g vat liéu hip phu duoc phan tan déu véi 50 mL dung dich
xanh methylen d biét trudc ndng do trong bé rung siéu 4m 5 phut, lic déu trén may
lac véi toe do 300 vong/phit trong 30 phut. Dé nghién ciru cac dudng hip phu dang
nhiét, cac thi nghiém duogc tién hanh trong thoi gian 4 gio, tai nhiét do phong. Cac
hat vét li¢u dugc tach ra khoi dung dich béng li tam. Néng d6 xanh methylen con lai
trong dung dich duoc xac dinh trén thiét bj quang phdé UV-Vis (Thermo Scientific -
Genesys 108S), tai budc song cuc dai A = 665 nm. Tién hanh cac thi nghi¢m voi né)ng
d6 xanh methylen lan luot: 10; 20; 40; 50 va 400 mg/L.

2.7. Khdo sat kha nang xir ly dé Cong go

Mot luong 0,100 g vat lidu hap phu dugc phén tan déu véi 60 mL dung dich
do6 Cong gob co nodng d6 400 mg/L trong bé rung siéu am - trong 5 phut, sau do lic
déu trén may lic véi tbe do 300 vong/phiit - trong 30 phut. Dé yén trong 4 tleng tai
nhié¢t do phong. Cac hat vat liéu dugc tach ra khoi dung dich bang li tam. Nong do
do6 Cong go con lai trong dung dich duoc xac dinh trén thiét bi quang phé UV-Vis
(Thermo Scientific - Genesys 10S), tai budc song cuc dai A =498 nm. Tuong tu tién
hanh céc thi nghiém véi néng d6 1an lugt: 10; 20; 40; 50 va 500 mg/L.

2.8. Tinh toan két qua
Dung lugng hap phu cia vat lidu ddi véi xanh methylen va d6 Cong g6 dugc
tinh todn theo cong thuc (1):

V(Co — C,
qe:% o

Trong do: Co (mg/L) va C; (mg/L) twong tmg lan luot 1 ndng do ban du va
sau khi bi hap phu cua xanh rpethylen va do Cong go, W (g) la lwong vat li€u hap
phu da str dung, va V (L) 1a thé tich ctia dung dich mau thi nghiém.

3. KET QUA VA BAN LUAN
3.1. Két qua khao sat tinh chit cia vat liéu

CAu trtic va thanh phﬁn pha cua oxit st tlr, va vat liéu nano composit graphen
oxit/oxit sat tir dugc danh gia tir két qua chup nhiéu xa tia X, trinh bay trén Hinh la.
Gian d6 nhiu xa tia X da chimg to vét lidu oxit st tir ché tao chi yéu thudc pha tinh
thé Fe;0,, dic trung boi cac dinh nhidu xa tai vi tri 20 = 30,1°; 35,5% 43,1°; 53,1°
57,1° va 62,5% tuong mg voi cac mat 1an luot: (220), (311), (400), (422), (511) va
(440) [9]. Tren gian d6 nhiéu xa tia X cta GO thay rd dinh nhidu xa dic trung tai 20 =
11°[6]. Vi vat liéu composit GO/Fe;04, pha tinh thé ctia Fe;04 dugc quan sat kha ro,
ngoai ra cling c6 thé nhén ra su c6 mat cia GO trong gian dd nhilu xa cua vat liéu.
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Ph6 hong ngoai ctia hat nano oxit sat va composit ciia graphen oxit/oxit st tir
dugc so sanh trén Hinh Ic. Trén phd hong ngoai cta oxit st tir, dai hap thu tai 587
va 477 em™ tuong tmg véi dao dong cua lién két Fe-O trong Fe;0, [10]. Trong phd
hong ngoai ctia vat liéu composit GO/Fe;04, cac dai hap thu dién hinh ciia GO déu
xudt hién: 3421 cm™ 1a dao dong cua lién két O-H, dai hdp thy & 1651, 1558 cm™ 1a
dao dong cua lién két C=C; dai hfip thu & 1213 cm™ dac trung cho dao dong cua lién
két C-O trong phenol; dai hip thu & 798 cm™ va 894 cm™ dic trung cho dao dong
ctia C-H anken hodc cau C-O-C, ngoai ra dai h?ip thu dic trung cua Fe;Oy ciing dé
dang quan sat thiy.
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Hinh 1. Két qua khao sat dic tinh vat lidu: a) Gian d6 nhiéu xa tia X;
b) Puong cong tur tré cia vat liéu; ¢) Pho hong ngoai

Tinh chét tir cia c4c hat nano oxit st va vat liéu composit GO/Fe;O4 dugce do tai
nhiét d6 phong. Pudng cong tir tré cua vat liéu duoc biéu dién trén Hinh 1b. Céc hat
nano oxit sit tir c6 tir 4o bao hoa Ms = 73,55 emu/g, két qua nay tuong dong voi cong
bd cua D. Morillo [11] va W. Wu [12]. Ttr d6 bdo hoa cua vat liéu composit giam
xudng 15,91 emu/g véi GO/Fe;0;, do sy c6 mit cua graphen oxit ¢6 ciu tric xdp dan
dén giam tir tinh ctia vat liéu composit. Tuy nhién, cac hat vat liéu composit ndy van
c6 kha ning tach ra khoi nén mau mot cach nhanh chéng théng qua mot nam cham
bén ngoai, c6 thé tmg dung thu hdi nhanh vat liéu trong linh vuc xir Iy méi trudng.
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HUS 15kV 6.2mm X10.0k BSE L

Hinh 2. Anh chup SEM ciia cac hat nano oxit sat tir va vat liéu GO/Fe;04

Hinh 2 14 anh chyp SEM cua vit liéu oxit st tir va GO/Fe;04. C6 thé quan sat
thdy cac hat Fe;O4 voi kich thuéc nhd ¢& nm, hinh dang hat gin ciu, va kha dong
nhat. TUr anh chup SEM cua vat li€u composit co thé théy cac hat nano Fe;04 duoc
phan tan dong déu trén bé mat graphen oxit.

3.2. Kha ning hip phu xir Iy xanh methylen va dé Céng gb trong méi
trudong nwéc

Hinh 3a, b d6 thi biéu dién mbi tuong quan gitra ndéng do ban dau va dung
luong hap phu cua cac vat liéu khao sat ddi v6i xanh methylen va do Cong g6. Dung
luong hap phu ctia cac vat liéu thtr nghiém déu tang cung voi sy tang nong do xanh
methylen va d6 Cong gb va van chua dat téi bao hoa tai khoang nong d6 khao sat
(50 mg/L).

Két qua khao sat dung lugng hip phu cuc dai (véi ndng d6 xanh methylen 1a
400 mg/L va do Cong gb 1a 500 mg/L) két qua (hinh 4) chi ra rang kha nang hap phu
clia vat liéu composit tang 1én dang ké so véi cac hat nano oxit sit ban dau (ting
34% so d6i v6i tac nhan 1a xanh methylen va 62% doi véi tic nhan la d6 Cong g0).
Sy khac biét nay la do vat li€u composit GO/Fe;04 c6 céu triic x6p, lam tang dang
ké dién tich bé mit riéng cua vat lidu. Bén canh do, graphen oxit ciing cung cAp mot
luong 16n cac nhom chic trén bé mit vat liéu (nhom hydroxyl, carbonyl,
carboxyl,...). Diéu ndy cang dugc chimg minh khi két qua khéo sat ciing chi ra rang
kha nang xur 1y cua cac vat li¢u khao sat c6 tinh chon loc hon ddi véi do Cong go.

26 Tap chi Khoa hoc va Céng nghé nhiét déi, S6 28, 12-2022



Nghién ctru khoa hoc céng nghé

Do xanh methylen ¢6 it nhom chirc c6 thé tao cau lién két v6i bé mit vat licu trong
khi d6 Cong gb c6d chira nhiéu nhéom chitc amin (-NH;) d€ dang tao lién két voi cac
nhom chiric hydroxyl trén bé mat vat ligu.
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Hinh 3. D thi bicu dién két qua khéo sat kha nang hap phu ctia vt liu: a) DS thi
biéu dién mbi tuong quan gitra néng d¢ xanh methylen va dung luong hép phu ctia
vat lidu. b) D4 thi biéu dién mbi tuong quan gitra néng d6 do Cong gb va dung
luong hap phu cta vat liéu
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Hinh 4. Db thi biéu dién dung luong hép phu tdi da (mg/g) cua cac vat liéu thir
nghiém doi véi xanh methylen va do Cong g6

4. KET LUAN

Trong nghién cru nay, graphen oxit dwoc didu ché bang phwong phap
Hummers cai tién, cac hat nano oxit sit va vat liéu composit GO/Fe;04 dugc diéu
ché thanh cong bang k¥ thuat thity nhiét. Két qua phan tich thanh phan pha, cau trac
cho théy cac hat nano oxit sat tir ¢6 hinh thai déng nhéat, kich thudc hat dat kich c&
nm, tinh chat tir tot va phan tan dong déu trén bé mit graphen oxit. Nghién ctru kha
nang hip phu cua vt lidu véi viée loai bo xanh methylen va d6 Cong go trong nudc,
két qua chi ra rang hiéu qua xir 1y cta vat liéu composit cao hon so v6i hat nano oxit
sat tir ban ddu va xur Iy chon loc hon vé&i d6 Cong go. Dua trén cac két qua thu duoc
trong nghién ctu nay c6 thé thiy tiém ning tng dung ciia vat liéu composit
GO/Fe;04 trong linh vuc xtr Iy moéi truong.

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 28, 12-2022 27



Nghién cutu khoa hoc céng nghé

10.

11.

12.

TAI LIEU THAM KHAO

Z. Mahmoudi, S. Azizian and B. Lorestani, Removal of methylene blue from
aqueous solution: A comparison between adsorption by iron oxide
nanospheres and ultrasonic degradation, J. Mater. Environ. Sci., 2014,
5(5):1332-1335.

D. Afzali, M. Rouhani, F. Fathirad, T. Shamspur, and A. Mostafavi, Nano-iron
oxide coated on sand as a new sorbent for removal of arsenic from drinking
water, Desalin. Water Treat., 2016, 57(28):13030-13037.

S. Nethaji and A. Sivasamy, Graphene oxide coated with porous iron oxide
ribbons for 2, 4-Dichlorophenoxyacetic acid (2,4-D) removal, Ecotoxicol.
Environ. Saf., December 2016, 138:292-297.

H. Karimi-Maleh et al., The role of magnetite/graphene oxide nano-composite
as a high-efficiency adsorbent for removal of phenazopyridine residues from
water samples, an experimental/theoretical investigation, J. Mol. Liq., 2020,
298:112040.

M. Parastar, S. Sheshmani, and S. Shokrollahzadeh, Cross-linked chitosan into
graphene oxide-iron(Ill) oxide hydroxide as nano-biosorbent for Pd(Il) and
Cd(Il) removal, Int. J. Biol. Macromol., 2021, 166:229-237.

N. Thanh Tuan, Nghién civu xit Iy hiéu qua DDT bang phwong phédp quang xiic
tac xir dung vdt liéu nano composite Fe - CuOx /GO; SBA - 15, Luan an tién
si, 2019.

N.T. Quyét, Nghién ciru tong hop va ddic trung vt liéu nano-compozit trén co
so oxit sat, Ludn &n Tién si, 2014, 28:145-158.

T. Q. Khanh, Nghién ciru tong hop vit liéu composite moi Fe-BTC-BDC/GO
ung dung trong phdn huy quang xuc tac thuoc nhuom trong moi truong nuoc,
Tap san sinh vién nghién ctru Khoa hoc, 2019, p. 239-242.

S. Bishnoi, A. Kumar, and R. Selvaraj, Facile synthesis of magnetic iron oxide
nanoparticles using inedible Cynometra ramiflora fruit extract waste and their

photocatalytic degradation of methylene blue dye, Mater. Res. Bull., March
2017,97:121-127.

L. Andrade et al., Synthesis and characterization of magnetic nanoparticles
coated with silica through a sol-gel approach (Sintese e caracterizagdo de
nanoparticulas magnéticas revestidas com silica através de um processo sol-
gel), Nano, 2009, 55:420-424.

D. Morillo, G. Pérez, and M. Valiente, Efficient arsenic(V) and arsenic(Ill)
removal from acidic solutions with Novel Forager Sponge-loaded

superparamagnetic iron oxide nanoparticles, J. Colloid Interface Sci., 2015,
453:132-141.

W. Wy, Z. Wu, T. Yu, C. Jiang, and W. S. Kim, Recent progress on magnetic
iron oxide nanoparticles: Synthesis, surface functional strategies and
biomedical applications, Sci. Technol. Adv. Mater., 2015, 16(2):23501.

28

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



Nghién ctru khoa hoc céng nghé

SUMMARY

SYNTHESIS AND APPLICATION OF MAGNETIC COMPOSITE
NANOMATERIAL BASED ON GRAPHENE OXIDE TO REMOVE
METHYLENE BLUE AND CONGO RED IN WATER

In this study, graphene oxide was prepared by the modified Hummers method,
and then iron oxide nanoparticles were deposited on the surface of graphene oxide
by hydrothermal method. After synthesis, these materials were characterized via a
number of physical methods: X-ray diffraction, Fourier transform infrared
spectroscopy (FTIR), vibrating sample magnetometer (VSM) and scanning electron
microscopy (SEM/EDX). The results show that the iron oxide particles were
synthesized with nano-size, and the material after modified by graphene oxide still
retains the magnetism. These materials continue to be evaluated the for removing
methylene blue and Congo red in the water. The results show that the synthesized
composite materials can selectively adsorb methylene blue and Congo red, thereby
showing the potential application of magnetic composite materials in the field of
wastewater treatment.

Keywords: Composite, iron oxide, graphene oxide, methylene blue, Congo red.
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