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TOM TAT

Trong nghién ctru nay, ching toi st dung
phuong phdp dbéng két tua két hop voi
phuwong phép khir in situ dé téng hop
graphen/Fes0, va trng dung vét liéu téng hop
duoc dé hap phu céc chat nhuém mau trong
Xt ly méi trrong. Qua trinh téng hop bao gém
phén (ng dong két tda dung dich mubi FeCl,
va FeCl; dé tao thanh hat nano FesO4 va cac
hat nano duwoc phéan tan én dinh trong méi
trirong nhe hop chét chitosan tan trong nuéce.
Pong thoi, graphen oxit (GO) bj khir dé tao
thanh graphen nho chéat khd /a axit L-
ascorbic. C4u truc, hinh thai, ter tinh va céac
tinh chat cda vat liéu duoc chirng minh béi

cac phuwong phap phéan tich nhwe: FTIR, XRD,
TEM, SEM, VSM va TGA. V&i phurong phap
téng hop hiéu qua, 6n dinh va than thién moi
trurong, chung téi da téng hop duoc céc hat
nano FesO4 c6 kich thwdc hat tir 9-15 nm
phan bé dan xen trén cac tdm graphen c6 d6
day khoang don Iop va vai don I6p. Vat liéu
téng hop duoc c6 doé tir hda bdo hoa la 41
emul/g. Két qua cda thi nghiém héap phu cho
thdy mé hinh hdp phu Rhodamin B phu hop
V&i phwrong trinh dédng nhiét Langmuir hon la
Freunlich. D6 hdp phu cuc dai dat duoc 38
mg/g.

Tw khéa: Graphen, nano Fesz04, nanocomposit, graphen/ FezO4

GIOI THIEU

Trong nhimg nidm qua, hat nano tur tinh
Fes0s, ngoai cac ung dung trong y sinh hoc nhu
lam gi4 mang dan truyén thudc, lam tac nhan
tuong phan anh cong huéng tir..., con duogc biét
dén nhu 13 vat liéu hap phu méi ¢6 tir tinh dé 1am
sach méi treong va ¢ kha nang thu hoi mot cach
don gian bang viéc 4p mat tir treong ngoai dé tach
chat hap phu ra khoi dung dich [3]. So v6i phuong
phép truyén théng, chang han nhu loc, ly tam, tach
nho trong lyc, tich bang tir tinh doi hoi it ning
luong hon va c6 thé dat duoc hiéu qua phan tach
t6t hon dac biét 1a voi cac chat hap phu c6 kich
thuéc hat nho [4, 5, 7].

Thém vao do, trong mét thap ky qua, graphen
da tr¢ thanh vat liéu duogc su quan tam dic biét cua
c4c nha nghién ciu trong nhiéu linh vye nhu vat
ly, hoa hoc, khoa hoc vat liéu, va cac nganh
khéc.... Graphen vai nhitng tinh chat dat biét vuot
troi nhu dién tich bé mat riéng cao (2630 m(g),
tinh 6n dinh héa hoc tét va twong tac n-m manh cua
vong thom hira hen cho hiéu qua hap phu tét ddi
céc chat nhuém mau, cac ion kim loai nang ...[5,
8]. Tuy nhién, nhu d4 biét, graphen sau khi diéu
ché c6 xu hudng két tu thanh da 16p, rat kho phan
tan trong nude dong thoi kha nang thu hoi thap sau
khi str dung.
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Do d6, nhom nghién ctru da téng hop vat liéu
nanocomposit graphen/FesO, ¢6 ca wu diém va
khic phuc duoc nhuoc diém cua ca graphen va
Fes0, riéng lé.

THU'C NGHIEM
Héa chét va dung cu

Céc héa chat chinh: Graphit (Sigma), acid
sulfuric 98 % (Trung Qudc), natri nitrat (Trung
Quéc), kali permanganat (Viét Nam), mubi st
(1) clorur (FeCls.6H,0), mudi sit (1) clorua
(FeCl,.4H;0) (Trung Qudc), amoniac 25 %
(Trung Quéc), acid L-ascorbic (Prolabo, Phap),
chitosan tan trong nuéc la san pham cua Trung
tAm nghién ctu va trién khai cong nghé birc xa,
Tp. H5 Chi Minh, Rhodamin B (Trung Qudc),
mudbi chi(11) nitrat (Pb(NOs)2) (An Do) va cac loai
dung mai can thiét khac.
Cac phwong phap phan tich vat liéu

Hinh thai, cAu tric cia GO va RGO/Fe;04
dugc xac dinh bang cac phwong phap: nhidu xa tia
X (XRD-D8 advance Bruker-bic), quang phd

h6ng ngoai (FTIR-VERTEX 70-Bruker), TEM
(JEOL- JEM-1400), SEM (JEOL- JSM -7001F ).

Qua trinh hip phu caa Rhodamin B trén vat
lieu RGO/Fe;04 dugc khao sat théng qua viéc xac
dinh mat do quang trén may UV-VIS-NIR (V670).

Do bén nhiét cia GO va Fe;0, duoc khao sat
bang TGA (QA500)

Dién tich bé mat caa vat liéu duge xac dinh
bang phuong phap hap phu ding nhiét BET
(NOVA 3200e- Quantachrome Instrument).

Do bao hoa tir hoa cua vat lidu dugc do biang
tir ké mau rung VSM (GMW Magnet systems
electromagnet).

Tong hop graphit oxit

Graphit oxit dwoc tong hop bang phuong phap cua
Hummers [10]. Theo d6, 10 g graphite va 0,5 g
NaNOs lan luot duoc cho vao trong 300 mL
H,SO, dam dic. Hon hop dwoc khudy déu va lam
lanh ¢ 0 °C. Sau d6 35 g KMnO4 dugc cho tur tu
vao hé (chay giir nhiét do cua hé huyén phu khong
qua 20 °C). Sau d6, nhiét do ciia hé duoc nang Ién
dén 35 °C trong 2 gio dé phan g oxi ho graphit
xay ra. Tiép theo, 400 mL nuéc cat duoc thé vao.
Sau khi pha loéng, nhiét d6 cua hé duogc néng Ién
98 °C va gitr ¢ nhiét d6 nay trong vong 30 phut.
Két thac 30 phat, huyén phi tiép tuc duoc pha
lodng véi 1,0 lit nudc cat va Hz0, 30 % dugc thém
vao hdn hgp dé khir MnO,~con du trong hdn hop.
Sau khi xir If bang H,0,, hdn hop c6 mau vang
séng. Cubi cung san pham duoc ly tdm, rira nhiéu
1an bang aceton va siy khd ¢ 60 °C.

Téng hop nanocomposit graphen/Fe;Os
(RGO/Fe304)

200 mL hdn hop hai dung dich mudi
FeCl,.4H,O (chta 0,0045 mol Fe?") va
FeCls.6H,0 (chtra 0,009 mol Fe**) dugc khudy
déu bang may khudy co (tbc do khudy cé dinh).
Dung dich NH;z 25 % duoc thém vao hén hop dung
dich vai téc do 1 giot/gidy. Khi hdn hop dung dich
dat dén pH=10 cho thém 50 mL dung dich
chitosan tan trong nuéc (néng do 6,66 mg/mL),
giai doan nay phan @ng dién ra trong vong 1 gio,
& 80 °C.

Sau d6 ha nhiét d6 phan tmg xubng 25 °C va
thém 200 mL GO huyén phu (1 mg GO/mL H.0),
phan tng trong 1 gio. Cubi cung cho thém 1,0 g
acid ascorbic, ndng nhiét d6 phan ung 1én 95 °C
trong 4 gio. HOn hop thu duoc sau phan tng gom
két tua mau den (RGO/Fe30.) va cac chit hoa tan.
San pham sau d6 duoc loc, rira bang nude khir ion
trén loc, va sdy chan khéng & 60°C cho dén khi
trong luong khong doi.
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Dé so sanh hinh thai va tinh chat caa RGO
dugc tong hop riéng va RGO trong nanocomposite
graphen/Fe;04, ching t6i dd cb lap RGO trong
nanocomposite bang cach loai bo FesOs bing
dung dich HCI. Mdu RGO tach tir nanocomposite
graphen/Fe;04 duoc ky hiéu 12 i-RGO.

Ung dung nanocomposit RGO/FesOs trong hip
phu Rhodamin B (RhB) - Khio sat mé hinh hap
phu RhB trén RGO/Fe304

Nong d6 cua cac mau duoc pha theo ti 1¢ nhur
& Bang 1. RhB la chét bi hip phu, RGO/Fes0, 1a
chat hdp phu. Quy trinh khao sat hap phu dugc
thuc hién nhu sau: ciac miu duoc siéu &m trong
vong 1 phit (dé tang tinh dong nhét cua hé), sau
d6 dé can bang trong 2 gio. Sau 2 gid, phan mau
ran duoc tach ra khoi dung dich bang nam cham
vinh ctru. Dung dich thu duoc sau hap phu duoc
do UV-VIS dé xac dinh mat d6 quang, tir d6 suy
ra ndng do can bang cua mau. Cac két qua sau do
duoc tinh toan va xay dung do thi.

Bang 1. Cac thong sb cia thi nghiém khio sat mé hinh hap phu RhB

S&thr | Nongdo RGO/ | Nongdo RhB Thé tich mau

ty mau FesOa(g/L) (mg/L) (mL)
1 0,14 15 10,0
2 0,14 2,0 10,0
3 0,14 3,0 10,0
4 0,14 3,5 10,0
5 0,14 4,0 10,0
6 0,14 45 10,0
7 0,14 5,0 10,0
8 0,14 55 10,0
9 0,14 6,0 10,0

Khio sat hiéu qua tai sir dung ciia RGO/Fe3Os

Mau RGO/Fes0s (ndng do 0,7 g/L) sau khi
tién hanh hap phu RhB (ndng d6 5 mg/L) lan thi
nhét dwoc giai hap bang dung moi etylen glycol.
Mau sau khi dugc giai hip lai dwoc tiép tuc cho
hdp phu lan tht nhi. Qué trinh nay lap lai 4 lan.
Nong d6 RhB can bang dugc xac dinh twong tu
nhu nhitng thi nghiém truge. Cac sb lidu duoc xir
Iy va xay dung db thi.

KET QUA VA BIEN LUAN
Tong hop graphit oxit

Do qua trinh oxy hoa nén GO c6 cac nhém
chuc nhu epoxy, —OH, —COOH, hién dién trong
cau tric va két qua FTIR cho thay diéu d6. Hinh
1 cho thdy miii & s6 séng 3376 cm™ la miii cua
nhém —OH caa GO, va cia nuée hip phy va tao

lien két hydrogen giira cac 16p graphit. Mii —OH
c6 dang bau — dic trung cua lién két hydrogen lién
phén tir. Do ¢6 thé 1a lién két gitra nhém —OH cua
GO véi nuée hap thu trong khoang, hoac giita cac
nhdm —OH cta GO véi nhau. Miii 2925 cm?
twong &ng véi dao dong C-H ciua nhédm —

CHa, vd —~CHs ton tai & ngoai ria cac 16p graphit.
Miii ¢ s6 séng 1727 cm™ 1a dic trung cho nhom
carbonyl cua aldehyd hoac acid hoac ceton. Mui
1613 cm™ tuong ung voi O-H trong nudce bi hap
phu. Hai miii & 1225 cm™ va 1052 cm twong ung
v6i dao dong cia C—OH cta nhém hydroxyl va C—
O cua epoxy.

Su hinh thanh cac nhom chirc phan cuc
epoxy, —OH, —COOH ddng thoi véi su ¢6 mit
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cua nudc ¢ gitta cac 16p GO trong qué trinh phan
ung, da lam cho khoang cach giira cac I6p GO Ién
hon so v&i graphit ban dau. Két qua XRD (Hinh
2) ching minh diéu nay. Bé rong cia miii hep,
cuong d6 mii cao chtng to graphit ¢6 cu trac 16p
hoan hao vai khoang cach giira hai 16p lién tiép la
3,372 A. Hinh 2 cho thay sau khi bi oxy héa, mii
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Hinh 1. Phd IR ciia graphit va GO

cua graphit va GO

Cac nhém churc phan cuc caa GO gilp cho
vat liéu ¢6 kha nang phan tan tdt trong nuwéc & dang
huyén phu. Véi su hd tro cia song siéu am va véi
nong do6 GO/H0 thich hop, huyén phi GO bén
trong nhiéu ngay. Tuy nhién, cac nhém chtc chira
oxy nay sé& bi phan huy khi & nhiét d6 cao. Chinh
diéu nay lam cho GO khéng bén nhiét, day 1a diém
khéc biét quan trong so véi graphit. Két qua phan
tich nhiét TGA (Hinh 3) cho thay trong khoang
nhiét d6 tir 50 °C dén 120 °C, ¢6 sy sut giam 8,57
% khéi lwong 1a do nuéc va aceton hip phu trong

Intensity (Cps)

-1000 T

ddc trung cua graphit (tai 26 = 26,5 ° véi d = 3,372
A) d4 bién mit, thay vao d6 1a sy xuét hién cua
maot mii tai 26 = 10,5° ung véi d = 7,970 A ching
to khoang cach d giira hai 16p GO dé rong ra. Mui
khé bau (trai dai tir 26 = 9,5° dén 20 = 12,5°), cho
thdy su sap xép cua céac 16p khong con chat ché
nhu ban dau.
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Hinh 2. Gian dd XRD

khoang GO bay hoi. Tir 150 °C dén 375 °C, c4c
nhém chic chtra oxy bat dau phan hity gay nén su
sut giam 34,20 % khéi Iwong. Su sut giam khdi
lugng manh & giai doan nay cho thiy muac do oxy
héa graphit cao. Lén dén 800 °C thi cac nhoém chirc
hau nhu duoc loai bo hoan toan, dong thoi xay ra
su cat mach carbon. Anh SEM (hinh 4) caa graphit
va GO, cho thay sau khi oxy héa GO van con ciu
trdc 16p nhu graphit, tuy nhién bé mat ¢ sy bong
troc va nham hon so voi graphit.

Trang 169



Intensity (Cps)

Science & Technology Development, Vol 18, No.T3- 2015

———X
16%%  Graphit

134.20%

Weight (%)

Graphit

Tl 2391%

r06

Foa

ro2

00

&0
Temperature (°C)

200 a0

Hinh 3. Gian d5 TGA cua graphit va GO

Tong hop nanocomposit graphen/FesOs

Hinh 5 cho thay cac miii nhiéu xa tai 20=
30,1°; 35,5°%; 43,1° 57,0° va 62,6° duoc danh diu
tuong tng véi cac mat mang (220), (311), (400),
(511) va (440) twong tmg Véi gian d6 chuan dac
trung cho cau tric tinh thé FesOy [6].

Hinh 6 cho thdy cac miii dao dong cua FesO
trong phé FTIR. Miii ¢ s6 séng 3397,20 cm™ va
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Hinh 5. Gian dd XRD cua RGO/Fe304

Deriv. Weight (%/°C)

Hinh 4. Anh SEM cua (A) graphit va (B) GO

1725 cm dic trung cho dao dong —OH lién két
trén bé mat hat Fe;0, va cua nudc. Mii d6i 632
cm?® va 584 cm? dic trung cho dao dong Fe-O.
Khi cé su hién dién cua chitosan, cac mui dac
trung cho cac nhém —OH, —NH; (3428 cmt, 1637
cm, 1558 cmL), ~OCH; (1320 cmt), ~CH, (1420
cm?), -C-0-C (1070 cm™; 1032 cm) trén
chitosan hién rd trén phé do.

RGO/F€304

Chitosan

Transmittance (%)

T T T
3500 3000 2500

T T T
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Hinh 6. Phd IR cua chitosan va RGO/Fe30s
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Phd FTIR (Hinh 7) cho thiy cac nhém chirc
chtra oxy nhur —-OH, -C=0, —C-O trén GO déu bj
khtr. Mac du ching khong bi mat di hoan toan
nhung cuong d6 miii cta ching trén RGO giam di
rd rét so voi GO chung to hiéu qua khir cia chat

GO
3
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c
=
E
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c
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Hinh 7. Phd IR cta GO, i-RGO va RGO

Hinh 8 cho thay sau khi bi khir, miii dic trung
dooz cia GO (26= 10,5° ung voi d = 7,97 A) da
bién mat hoan toan. Nhu vay c6 thé két luan duoc
rang qué trinh siéu am da bién graphit oxit (cau
tric da 16p) thanh graphen oxit (cau trac don 16p).
Tuy nhién, qué trinh kht loai bo cdc nhém chic
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Hinh 9. Gian d5 TGA cua graphit, RGO, i-RGO

khtr 12 kha tt. Khong c6 su khac biét nhiéu giira
mau RGO (khtr riéng l¢é voi su khoéng c6 mit cia
oxit sét tir) va i-RGO (miu RGO dugc tach tir mau
RGO/Fe;0y).
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Hinh 8. Gian d6 XRD ctia RGO/Fe30x,
i-RGO, RGO va GO
chira oxy lam tuwong tac Van der Waals giita cac

tam RGO ting 1én, dan dén sy tu tap vé cu tric
I6p ban dau cua graphit do2 = 26,5°. Trong khi do,
trong mau nanocomposit RGO/FesO, hoan toan
khong c6 miii tai vi tri doo2 = 26,5° chung to cac
hat nano FesO, nam trén cac tim RGO s& ngin
can khuynh huéng két tu cua RGO.
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Hinh 10. Pudng cong tir hoa ciia mau
RGO/Fe304 va GO

Trang 171

30



Science & Technology Development, Vol 18, No.T3- 2015

Mau i-RGO tach tir mau RGO/Fes04 kém
bén nhiét so v6i mau RGO don 1é. Didu nay c6
nghia 1a qua trinh khtr in situ (khitr GO ¢6 mit
trong mau nanocomposit) it hiéu qua hon so véi
chi khir truc tiép GO. Piéu nay ciing hop ly khi
guan sat vao cac bugc phan huy nhiét cua i-RGO,

mac di bén nhiét hon GO nhung hinh déng nhu
cia GO (Hinh 9). Puong cong tir hda caa mau
RGO/Fe;0,4 tong hop duoc ¢6 lyc khang tir va do
tir du bang khéng. Chung to rang mau khao sat co
tinh sidu thuan tir. Mau c6 d6 tir hda béo hoa dat
42 emu/g (Hinh 10).

Hinh 11. Anh SEM (A, B) va TEM (C, D) ciia miu RGO/FesOs

Quan sat anh TEM nhan thdy mau
nanocomposite tong hop duoc co dic diém la cac
hat nano FesO; nam xen k& trén cac tim RGO
(Hinh 11). Hat Fe304 c6 kich thudc nano (d hat
khoang 9-15 nm). Ham luong RGO thép hon
nhiéu so véi hat nano tir va RGO ton tai & dang
tam voi bé day khoang vai 16p.

I'J’ng dung hflp phu Rhodamin B

Qua trinh hap phu ding nhiét thé hién méi

quan hé giita khdi lwong cua chat bi hip phu hip
phu trén mot don vi khdi lwong cua chat hip phu
(9e, Mg/g) V& ndng d6 cuia chat bi hap phu trong
dung dich & mot nhiét do xac dinh trong diéu kién
can bang (Ce, mg/L) (Hinh 12). Bé xac dinh cac
thong s lién quan dén qué trinh hip phu RhB, cac
dit liéu thuc nghiém duwgc phan tich theo hai mo
hinh dang nhiét Langmuir va Freunlich.
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Hinh 12. Buong hip phy ding nhiét caa RhB trén RGO/FesO4 (pH = 7; 25°C). Néng d6 ban diu cia RhB thay ddi
tir 1,5 dén 6,0 mg/L. Nong d6 cia RGO/FesOxs 12 0,14 g/L, hip phy trong 2 gio.
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Hinh 13. Buong hap phu déng nhiét ciia RhB trén Hinh 14. Buong hép phu déng nhiét ciia RhB trén
RGO/Fe304 theo mo hinh Langmuir (pH = 7; 25°C). RGO/Fe304 theo mé hinh Freunlich (pH = 7; 25°C).

Ce landng d6 can bang cua chét bi hap phu (mg/L).

M6 hinh dang nhiét Langmuir gia dinh rang o )
Qmax Va b 1a hang so Langmuir theo thir tu 1a do

vé mit nang lwong thi bé mat chat hap phu dong
nhét, hap phu don 16p va thuan nghich. M6 hinh
nay duoc biéu dién theo phuong trinh: [1, 2, 4]

hip phu cuc dai (mg/g) va ning luong hip phu
(L/mg). B4 thi Hinh 13 gitp xéac dinh cac hang s6
trong phuong trinh Langmuir.

Ce/0e = 1/(Qmax) + (1) M6 hinh ding nhiét Freunlich duoc dé nghi
Ce/Qmax theo phuong trinh: [1, 2, 4]
Trong d6, qe 6 hip phu can bang (mg/g); log g = log k + (1/n)log Ce
2)
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Trong d6, qe 1a d6 hap phu can bang (mg/g);
k 12 hing sé Freunlich; n 1a hé s6 c6 méi lién hé
v6i khéi lwong va cudng do hap phy, n cang lén
thi su tuong tac giita chat hap phu va chat bi hap
phu cang manh, Ce 12 ndng d6 can bang cua chat
bi hdp phu (mg/L). B6 thi Hinh 14 gitip xac dinh
c4c hang s trong phwong trinh Freunlich.

Cac hang sé trong phuong trinh Langmuir va
Freunlich duoc thé hién & Bang 2. Cac sé liéu cho
thdy qua trinh hap phu phu hop véi md hinh
Langmuir (R? = 0,99) hon 1a m6 hinh Freunlich
(R2=10,95). D6 hap phu cuc dai dat dwoc trong md
hinh Langmuir la 38,46 mg/g.

Tir két qua thi nghiém hip phu, ching t6i da
kiém tra kha nang tai sir dung cua vat liéu (Bang
3). Két qua ¢ Bang 3 cho thay hiéu qua hap phu
giam dan sau mdi lan tai sir dung. Pén vong hap
phu thir tu, mirc d6 loai bo con khoang 88 % so
v6i 1an tha nhéat. Nhu vay kha nang téi st dung cua
vat ligu 1a kha tét.

Bang 2. Cac gia tri hang s hap phu Langmuir va
Freunlich

Gia tri cac hing s hap phu
Langmuir Freunlich
Qmax = 38,46 k=373
(mg/g) n=20
b =45 R?2=10,95
R? =0,99

Bang 3. Lwong RhB bi hiap phu
trénRGO/Fes04 sau cac 1an hip phu lap lai.
Nong d9 diu caa RhB la 5 mg/L, cia
RGO/Fe304 1a 0,7 g/L.

\/ong hap phu Luong RhB bi hap phu
(mg/g)
1 6,96
2 6,61
3 6,26
4 6,12
KET LUAN

Pa tong hop duoc thanh cong vat liéu
nanocomposit graphen/oxit sét tir trong dé kich
thudc hat nano FesO4 trung binh tir 9—-15 nm, voi
d6 phan tan kha hep. RGO ton tai ¢ dang tam. Su
hién dién cia chitosan tan trong nudc gilp mau
nanocomposit it bi sa ling, phan tén tt hon trong
moi truong nude. Puong hip phu ding nhiét phu
hop véi phuong trinh Langmuir, véi Qmax = 38
mg/g. Kha nang tai st dung cua vat lidu hap phu
la kha tét, hiéu qua loai bo RhB con khoang
88 % sau bon 1an hip phu (so véi 1an hap phu dau
tién).
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ABSTRACT

In this work, we have demonstrated a
coprecipitation method combined in situ-
reduction method for the synthesis of
graphene/magnetite nanocomposites
(MRGO) and for its application in dye
removal from aqueous media for the
environmental water treatment. The FeszO4
nano particles were synthesized by co-
precipitation method, and water-soluble
chitosan was used as surface-active
substances to help the dispersion stability of
Fes04 nano particles. In addition, graphene
oxide (GO) was reduced into graphene by L-
ascorbic acid. The structure, morphology, and
magnetic characteristics of the nanosized
composite were investigated by analysis

graphene/Fez0q4

Nnano

methods such as XRD, FTIR, TEM, SEM,
VSM, TGA ... The synthesis method is
efficient, scalable, green, and controllable.
Fes;04 nanoparticles in size of 9-15 nm were
homogeneously dispersed onto graphene
sheets. The saturated magnetization of
MRGO is 41 emu/g. Adsorption isotherm of
Rhodamine  (RhB) onto  RGO/Fez;04
nanocomposites were studied in a batch
system. The experimental results showed
that the adsorption data were much fitted with
Langmuir adsorption isotherms than with
Freundlich  isotherms. The maximum
adsorption capacity of RhB on MRGO is 38

mg/g.

Keyword: Graphene, nano FezO4, nanocomposite, graphene/Fes04
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