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Nghién ctru ché tao vat liéu nano to hop cau tric 1i vé Fe,0,@Si0,
nhim vmg dung xit Iy nhanh chat mau methylen xanh trong nuée
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Tom tiit:

Trong l‘lghién ctru nay, vat ‘liéu nano to hop cau tric 16 ‘V6 Fe, O,@SiO, (vat li¢u Fe,O,@SiO,) dwgc ché tao thér}h
cf)ng bang phwong phap dong két tia don gian. ’Gién do nhiéu xa tia X (XRD) cﬁfl vat li¢u Fe,O,@SiO, cho thay
ton tai Eha Fe O, ro r:‘lng‘bén canh 16p SiO, véi cau trac vo dinh hinh. Al’lh kinh hién vi dién tir quét (SEM) va anh
kinh hién Yi d‘ién tr truyél’l qua (TEM) chi ra vat li¢u l*:esq L,@Si0, ¢6 cau t’rl'lc 16i v6 véi kich thwée dang hat 10-
20 nm. Pho hﬁng ngoai bién doi Fourier (FTIR) cho thay ton tai cac lién két Fe-O, Si-O-Si dic trung cho vit li¢u
Fe 0,@Sio0,. Két qua phan tich bé mat rleng (BET) chirng té dién tich bé miit ciia mau Fe,O,@SiO, ting lén khoing
4 lan so voi Fe,O,. Ket qua do tir miu ké rung (VSM) cho thiy, tir 49 bio hoa ciia vat lleu Fe O,@SiO, (23 1 emu/g)
giam manh so véi miu Fe O, (58,1 emu/g) dwgc gidi thich la do su che c’han ciia l()”p p’hl tur SlO2 trong ’mau Nghién
ciru kha niyg xtir ly xanh methylen (MB) c,ﬁa Vf«.:l‘t li¢u Fe,O 4@Si02 cho thay hi¢u suat hap phu MB 1én dén 88,8% sau
tho’l gian hap phu bao hoa 60 phit, cao giap 3 lan s0 V(i’i’ mz’iu, Fe,O,. M6 hinh giai thich co ghé tang cwong hi¢u suat
hap phu MB cua vat li¢u Fe,O,@SiO, ciing dwgc dé xuat. Két qua thu dwgc chirng minh rang, vét li¢u Fe,O,@SiO,

¢6 tiém nang lon trong xir ly chat mau trong méi trwong nworc.

Tir khda: hat nano Fe,O,, hip phu, vét liéu nano t6 hop céu tric 16i vo Fe O,@Si0,, xanh methylen.

Chi sé phén loai: 2.9

1. Dt van de

Ngay nay, c6 rat nhiéu chat nhudom mau dwoc sir dung trong
cac nganh cong nghiép khac nhau va udc tinh 15% chat nhuém
mau trong khoang 1,6 tri¢u tAn san xuat mdi nam duoc thai ra
mbi truong dudi dang nude thai [1]. Day khong chi 1a mbi de
doa 16n di v6i con nguoi ma con anh huong tac dong manh
mé dén sinh vt bién dii chi ton tai vi mot lugng nho trong
nude [1-5]. Cho dén nay, nhiéu cong nghé khac nhau di dugc
str dung dé loai bo chit mau trong nudc, tuy nhién, phuong
phap hép phu dugc danh gia 1a trién vong, hiéu qua va co chi
phi thap so vdi cac loai khac [2-5]. Vi vay, nghlen clu tim ra
mot loai vat liéu méi nhdm nang cao hiéu suat hip phu cac cht
nhuém mau dang 13 thach thire déi véi cac nha khoa hoc.

Trong nhig loai vét liéu hip phu, cac hat nano Fe,O, da
thu hut nhiéu sy quan tam boi vi no dé phan tach va c6 doc tmh
thap [3]. Nhuoc diém 16n nhét ciia cac hat nano tir tinh 1a d& bi
két tu do luc hut ludng cye di hudng [1]. Piéu nay dan dén lam
giam dién tich bé mat riéng va giam tinh chét hap phu cua cac
hat nano Fe,O,. Vi vay, dé khac phuc nhuoc diém nay, ¢6 thé
thay doi trang tha1 bé mat cua cac hat nano Fe 0, hodc két hop
voi mot loai vat liéu phu hop dudi dang cau truc 101 Vo, t6 hop
lai hoa [5, 6]. Trong s do, SiO, dugc xem 1a vét liéu t6 hop t6t
nhat voi Fe O, vind c6 tinh 6 6n dlnh cao, doc tinh thap, dic biét
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1a c6 thé bao vé cac hat tir tinh khoi tac dong nhiét [7]. Do do,
loai vat li¢u nay dang dugc quan tdm sau rong trong linh vuc
xu ly chat nhu¢m mau trong moi truong nudc.

Cho dén nay di c6 nhiéu phuong phap tong hop vat liéu
nano tb hop Fe,O 4/SiO2 nhu Stober, thuy nhiét, vi nhil, sol-gel
[1, 8-11]. Bac diém chung cua cac phuong phap nay la quy
trinh ché tao phtc tap, chi phi cao, thoi gian tong hop mau dai
va can st dung nhiéu chat hoat dong bé mat nén kha ning tng
dung bi han ché. Cac nghién ctru chi ra réng, cu tric 161 vo ¢6
thé ton tai dudi 2 dang: thir nhat, 15i 1a mot hat duge bao boc
boi 16p vo bén ngoai [1, 6]; thir hai, 161 bao gdm nhiéu hat dugc
bao boc 16p vo bén ngoai [4]. Tinh chéat hap phu cia hai ciu
triic ndy ciing c6 dic diém khac nhau.

Trong nghién ctru nay, chiing toi phét trién quy trinh ché
tao vat liéu Fe3Q 4@S’iO2 ¢6 cdu tric 181 vo dang thtr hai bz"mg
phuong phap dong ket tia. Quy trinh c6 tinh don gian, do 1dp
lai cao, than thién voi moi truong va chi phi thap. Hinh thai bé
mit, cau trac tinh thé, cac lién két, tinh chét tir s& duge nghién
ctru chi tiét. Su ting cudng kha nang hdp phu MB trong moi
truong nudc béng vat liéu ,Fe30 ,@Si0, cling du’gc t!u"r nghié¢m.
Mo hinh gidi thich co ché ting cuong hi¢u suat hap phu MB
cta vat lieu Fe,0,@SiO, dugc dua ra va ban luén chi tiét.
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Abstract:

In this work, Fe,O,@SiO, core-shell nanocomposites were
successfully synthesised via a simple co-precipitation method.
X-ray diffraction pattern of Fe,O,@SiO, clearly shows the
existence of a main phase of Fe,O,, beside an amorphous
structure of SiO,. The core-shell Fe,0,@SiO, with an average
particle size in the range of 10-20 nm is observed by SEM and
TEM images. FTIR spectrum illustrates the Fe-O and Si-O-Si
bonds in the sample, indicating the formed nanocomposite of
Fe,0,@Si0,. The brunauer, emmett and teller surface area
analysis of the Fe,O,@SiO, sample is 4 times higher than that
of Fe,0,. The vibrating sample magnetometer data indicated
that the saturation of Fe,0,@SiO, (23.1 emu/g) is strongly
decreased in comparison with Fe,O, nanoparticles (58.1
emu/g), explained by the shielding of the SiO, nonmagnetic
materials. The methylene blue adsorption efficiency in
the saturation adsorption time of 60 min for Fe,O,@SiO,
nanocomposite is 88.8%, which is 3 times higher than that
of Fe,O, nanoparticles. A model explaining the enhanced
mechanism in methylene blue adsorption efficiency of Fe,O,@
SiO, nanocomposite is proposed. The obtained results show
that the synthesised Fe,O,@SiO, nanocomposite has great
potential in dye removal applications from water.

Keywords: adsorption, Fe O, nanoparticles, Fe O,@SiO,
nanocomposites, methylene blue.
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2. Viat liéu va phuong phap nghién ciiu
2.1. Hod chit

Mudi sat 11 clorua (FeCl,.4H,0, 99%), mudi sat III clorua
(FeCL.6H,0, 99%), natri hydroxide (NaOH, 97%), tetraethyl
orthosilicate (TEOS, 99%) va MB (C H CIN,S, >82%) dugc
cung cép boi Hang Sigma-Adrich.

2.2. Téng hop céc hat nano Fe,0,va Fe 0 @Si0,

Quy trinh ché tao céc hat nano Fe,O0, nhu sau: 0,995 g
FeCl,.4H,0 va 2,705 g FeCl.6H,O dugc hoa tan trong 100 ml
nude cat hai lan [6]. Nho tir tir dung dich NaOH 1 M va khudy
nhe dén khi pHI1 ta thu dugc dung dich chét két tua. Loc rira két
tiia nhidu lan bang nudc cit dén khi pH7 ta thu dugc chat két tua
mau den. Cudi cling, sdy chét két tia ¢ trén tai 60°C thoi gian 5
gid trong moi trudng chan khong dé thu dugc cac hat nano tir tinh
Fe,O,.

Quy trinh ché tao Fe,0,@Si0, ciing duge tién hanh cac budc
twong ty nhu ché tao cac hat nano tir tinh Fe,O,. Tuy nhién, lugng
TEOS duoc tinh todn sao cho ty 18 khoi lugng chét tao thanh gitra
Fe,0, va SiO, bang 1:0,5.

2.3. Phén tich céu triic, hinh thdi va tinh chit ciia vt liéu

Céu tric tinh thé cua vat liéu dugc phan tich bang XRD sir
dung thiét bi D8 Advance, Bruker. Hinh thai bé mit cua cdc mau
duoc quan sat bing SEM (Hitachi S4800) vi TEM (JEOL JEM-
1010). Cac lién két va tinh chat tir ciia vét liéu dugc nghién ciru
bang FTIR (Nicolet 6700) va VSM (MicroSense EV9). Nghién ctru
khé nang hap phu chat mau MB dya trén phd hap thy UV-Vis do trén
thiét bi SHIMADZU 2450.

2.4. Nghién cieu hdp phu MB ciia cdc hat nano Fe 0, va
Fe 0 @sSi0,

Pudng chuan x4c dinh ndng 6 MB duoc xdy dyng bang cach
pha cac dung dich MB véi néng d6 5,7, 10, 13, 20 va 25 (x10°
mol/l), sau d6 do phd UV-Vis (hinh 1A). Puong chuin 1a db thi
biéu dién su phu thudgc cuong do dinh hép thy tai budc song 664
nm vao néng do MB (hinh 1B) theo phuong trinh béac nhit c6 dang
y=0,06357X+0,00132 (R*=0,9978).

Hép phu MB trén vét lidu nano Fe,0, va Fe,0,@SiO, tién
hanh nhu sau: ldy 100 ml dung dich MB ndng d6 25x10° mol/l
vao cbe 250 ml, khudy trén may khudy tir voi toc do khoang 200
vong/phut. Cho 0,03 g vat li¢u Fe,0, hodc Fe,0,/SiO, thém vao
dung dich va dé trong phong toi, bit dau tinh thoi gian hap phy.
Sau cac khoang thoi gian 10, 20, 30, 60, 90 va 120 phut, 1éy S ml
dung dich miu bang pipet, ly tim dé tich vat liéu con lai trong
mau. Tién hanh do pho hap thy UV-Vis va xac dinh cuong do hip
thy quang tai budc song cuc dai 664 nm.
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Hinh 1. Phé héap thu UV-Vis ctia dung dich MB vé&i cac néng dé khac nhau (A) va dwong chuan biéu dién sw phu thudc cua cwong

dd hap thu dinh 664 nm vao ndng dé MB (B).

3. Két qua va ban luan
3.1. Xdc dinh ciu triic va tinh chit vt liéu

XRD ciia mau Fe 0, (hinh 2A) cho théy ton tai cac dinh nhiéu
xa tai goc 20=30,2, 35,6, 43,3, 45,3, 57,2 va 62,9, twong g voi
chc mat tinh thé (111), (311), (400), (422), (511) va (440) dac trung
cho céu truc 1ap phuong tdm mét cua vét li¢u Fe,O, (theo the chuin
JCPDS#11- 0614) ma khong c6 pha la nao khac [12, 13]. Bén canh
cac dinh nhiéu xa dic trung cho Fe,0,, XRD cua Fe,0,@SiO,
(hinh 2B) cho thiy, ¢6 thém mot dmh pho rong tai goc 29~22 7°.
Ngudn gbe cia dai phd rong nay duoc 1y giai 1a do cdu trac vo
dinh hinh cua SiO, gdy ra [3]. So sanh hinh 2A va 2B cho thiy, vi
tri cac dinh nhleu Xa cla gian do Fe,0,@Si0, va Fe,0, gan nhu
khong thay doi, chimg to viéc t hop SlO voi Fe,O da khong lam
thay doi cu tric cua cac hat Fe,O, ban dau Tuy nhlen gian d6
co cuong df nhiéu yéu hon va ban do rong 1n hon so véi Fe,O,.
Diéu nay duoc giai thich 1a do sw che chan cua 16p Si0, bén ngoal
céc hat Fe,O, cua Fe,0,@Si0,. Két qua nay kha phu hop VOi cac
bao cao truoc day [1- 3 6] T XRD, kich thudc tinh thé cia Fe,O,
va Fe,0,@Si0, c6 thé dugc xé4c dinh boi cong thire Scherrer sau

(1)

. Kxi
- B x cosf

trong d6 D 1a kich thuéc tinh thé (nm); A 1a budc song dugce st
dung (A, =1,54 A); B 1,2‘1 ban d¢ rong; 0 1a goc nhicu xa; K 1a hé so
c6 gia tri theo thong so may.

Tinh toan trén dinh nhiu xa tai goc 26=35,6° g v6i mat tinh
thé (311), kich thudc cua Fe,O, va Fe,0,@SiO, lan luot 13 7,7
va 5,4 nm. Ro rang kich thuorc tmh the cua Fe,0,16n hon so voi
Fe,0,@Si0,, gidn tiép cho thay kich thudc hat thu duoc cua Fe 0,
co thé 16n hon Fe,0,@Si0,.

Hlnh 3 trinh bay anh SEM va anh TEM clia mau hat Fe,O, (A,
B) va miu nano t6 hop Fe,0,@SiO, (C, D). Anh SEM (h1nh 3A)
cho thy cac hat Fe,O, voi leh thude ¢o 20-30 nm c6 xu hudng
co cum lai dé tao thanh cac hat co kich thude 1on hon. Kich thude
cua cac hat Fe,0, co thé dugc quan sat 10 rang hon trén anh TEM
(hinh 3B). Trong khi do, cac hat nano t6 hop Fe,0O 4@SlO (hinh
3C) biéu 16 tinh x0p va kich thudc hat bé hon so vé6i céc hat Fe,O,.
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Hinh 2. XRD cua Fe,O, (A) va Fe,0O,@SiO, (B).
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Hinh 3. Anh SEM va TEM cia miu hat Fe,0, (A, B) va Fe,0,@
Sio, (C, D).

Anh TEM trén hinh 3D cho théy, hinh thai cac hat Fe,0,@SiO,
chia lam hai phan rd rét, gom cdc hat mau den Fe O, bén trong
dugc bao bai 16p vo SiO, bén ngoai dé hinh thanh cau trac 16i vo
Fe,0,@Si0, voi kich thude khoang 10-20 nm. Ket qua nay cling
kha phu hop véi cong bo cua N.K. Yetim va cs (2020) [3]
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Hinh 4. FTIR (A) va dwé&ng cong hép phu, gidi hap phu N, &
77K (B) cia mau hat Fe,O,va Fe,0,@SiO,.

Hinh 4A 1a FTIR cua maflu hatFe O, va mﬁu nano t6 hop F }O @
Si’02. Quan sat FTIR Cﬁ’a mau F‘e3O , cho thay xuat hi¢n mét so dinh
hap thu manh tai cac so song lan luot la 548, 800, 897 cm™ va hai
ving hap thu véi cuong do yéu hon tai sd song 1637 va 3400-3500
cm’!, Céc dinh hép thu tai 548, 800 va 897 cm! dac trung cho lién
két Fe-O cua vat lidu Fe,0, [14, 15]. Dinh 1637 cm” ¢6 ngudn gbe
tir lién ket C=0 cua CO, trong moi truong [14]. Vung héap thu rong
xung quanh budc séng 3400-3500 cm! lién quan dén lién két O-H
cua cac phan tr H,0 hép thy trén bé mat cia {nﬁu [15]. So sanh
voi mau lj"e30 » FTIR cua F,eSO ,@Si0, co l}ai diém can chu y dé la
(i) Sy xuat hién hai dinh hap thy méi tai so song 897 va 1074 cm!
dic trung cho lién két Si-O-Si va Si-O;, (ii) Sw giam cuong do cua
dinh hip thu lién két Fe-O c6 thé do sy che chin cua 16p Si0, trén
bé mdt cua cdc hat Fe,0, [14]. Két qua thu dugc ching t0 16p SiC’)2
da dugc phu lf:n cac hat Fe,O,. Hinh ilB trinh bay duong cong hap
ph}l vé} gié}i hap phu N, f’ 77K cua méu Fe,O,va Fes,O ,@Si0,. Co
the thay rang, duong dang nhiét‘hép phu va %iéi hap phu N, cua
hai mau Fe,O, va Fe,0,@Si0, déu c6 vong tre loai IV (theo phén
loai cua IUPAC) va dién tich bé mat ¢ gia tri 1an lugt 1a 8,6252 va
32,2432 m*/g. Diéu nay chiing t6 16p vo SiO, ¢6 thé lam tang dién
tich bé mt riéng ciia Fe,O,. Két qua nay ciing kha pht hop véi béo
cdo cua A. Farmany va cs (2016) [16].

Nghién ciru tinh chat tir dé biét kha nang thu hoi, tai sir dung
ctia vat ligu hp phu bang cach sir dung tir truong ngoai. Pudng
tir d6 bio hoa clia mau hat Fe,0,va Fe,0,@Si0, dugc trinh b?ay‘ 0
hinh 5. Ttr 9 bdo hoa (M) cua Fe O, va Fe,0,@SiO, c6 gia tri lan
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lgm 1a 58,1 va 23,1 emu/g. R rang M _ctia Fe,O 4@SiO2 giam gin 2
lan so v6i mau Fe 0,. Cac nghién ctru gidi thich rang, su gjém tir do
bdo hoa cua mau Fe,0,@Si0, 1a do higu tng che chian bé mat ctia
céc 16p vo phi tir SiO, bao boc bén ngoai cac hat nano Fe,0, [17].
Thém vao do, hinh 5 (hinh chen) cho thay rd rang vét ligu Fe,0,@
Si0, d¢ dang thu hoi bang tir truong ngoai. Day la dac diém quan
trong trong ché tao vat liéu xtr Iy chat mau trong moi truong nude.

60

'.,.—I-I-I-I-I-I'I‘I
=" Fe:iOs

40 Fe;0,4: 58,1 emu/g
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H (Oe)
Hinh 5. K&t qua VSM caa mau hat Fe 0, va vat liéu Fe,0,@SiO,.
3.2. Ddnh gid khd néing hép phu ciia vt ligu

Khé nang hip phu MB trong nudc bang phuong phap do phd
hép thu UV-Vis. Hiéu suét hép phu MB duoc xac dinh bdi cong
thirc sau:

C
H= °C x100% (2)

o

trong d6 C va C lan luot 12 néng d6 MB tai thoi diém ban dau va
thoi diém t (mol/1).

Hinh 6 biéu dién phd UV-Vis thu duoc sau qué trinh hép phu
trén bé mat cla Fe,0, (A) va Fe,0,@SiO, (B) trong khodng thoi
gian 120 phut. Sy thay doi cua hi¢u suat hap phu MB theo thoi gian
duoc biéu dién nhu trén hinh 6C. Két qua cho thiy, sau 20 phit hap
phu, nong d6 MB giam khoang 29% ddi v6i mau Fe,0, va 74%
v6i Fe,0,@Si0,. Trong khoang thoi gian 30-120 phut hap phu tiep
theo, chiing t61 nhan thay sy thay doi hi¢u suat hap phu MB clia
mau Fe,0, a khong dang ké, chimg t6 qua trinh hip phu MB cua
cac hat Fe 0, da dat duoc trang thai bdo hoa tai thoi diém 20 phat.
Tuy nhién, hi¢u suat hap phu cua Fe,0,@SiO, ticp tyc tang va dat
gia tri 16n nhat tai thoi diém 60 phut. Sy mat mau rd nét cuia MB
sau 60 phut hip phu cua Fe,0,@Si0, dugc chi ra trén hinh chen
nho cua hinh 6B. Chiing t61 udc lugng hi¢u suat hap phu 16n nhat
cua Fe,0,@Si0, co gia tri ¢ 88,8%. Co thé thay rang, hidu suat
hap phy chat mau MB cua Fe,0,@SiO, cao hon ¢& 3 lan so véi
Fe,0,, diéu nay chimg t(:) Vaj tro quan trong cua 16p vo SiO, trong
vigc tang cuong hi¢u suat hap phu MB cua céc hat Fe,O, [13, 18].
Dé hiéu bict vé co ché hap phu cta vat li¢u véi MB, chung t6i ticn
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hanh nghién ciru dong hoc hap phu ciia 2 mau Fe,0, va Fe,0,@
Si0, bang mé hinh dong hoc hip phu bac 1 (cong thlrc 3)va dong
hoc hap phu béc 2 (cong thuc 4).

Kt 3)

L _
Me 32303

Ln(ge — qo) =

t _ 1 + t
a  krq¢ qe
trong do q,, q, trong ung la dung lugng hép phu tai thoi diém can

bing va tai thoi diém t; k,, k, twong tmg 1a hing s6 hap phu bac
1 va bac 2.

Két qua nghién ctru voi 2 md hinh cho thay, s6 liéu thyc nghiém
cua chung toi phu hop hon véi mo hinh dong hoc bac 2 so voi mo
hinh dong hoc bac 1 (duong dong hoc bac 1 khong trinh bay ¢
day). Theo mé hinh dong hoc béc 2, két qua khop ham t/q, theo
thoi gian t dugc trinh bay trén hinh 6D. Vi hé s6 trong quan cao
~99,7% (Fe,0,) va ~99,9% (Fe,0,@SiO,) chimg t6 s6 liéu thuc
nghiém phu hop v6i 56 liéu tinh toan theo md hinh dong hoc bac 2.
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Hinh 6. Phé hép thu UV-Vis thu dwoc sau qua trinh hap phu MB trén
bé mat cua cac hat Fe,O, va Fe,0,@SiO,.

Hinh dnh mat mau rd nét cua dung dich MB sau 60 phut hép
phu cua Fe,0,@S10, chén trén hinh chén nho cua hinh 6B. Db thi
biéu din hleu suét hap phu MB theo thoi gian (C) va cac duong
dong hoc hap phu bac 2 (D) ciia hai mau Fe,0, va Fe,0,@Si0,.

Trong mdi trudng nude, MB 14 cation tich dién tich duong, bé
mdt cua Fe,0,@SiO, tich di¢n tich am. Co ché hip phu MB cua
Fe,O @SIO thong qua tuong tic tinh dién gitra cation va anion
(h1nh 7). Qué trinh hap phu MB ciia Fe,0,@Si0, 1a tong hop su
hép phu cua ca céc hat Fe,O, va lop vo SIO do d6 hiéu suét hip
phu dugc tang cuong. Them vao do, 16p vo SiO, con co vai tro
16n trong viéc ngan chan su két tu ctia cac hat Fe, O va tu do lam
tang dién tich bé mat riéng nhu dugc bao cao boi A Farmany vacs
(2016) [16]. Su tang cudng dién tich bé mat riéng cia Fe,0,@Si0,
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ciing 13 nguyén nhan chinh din dén ting hiéu suat hap phy MB
trong nghién ctru nay [1]. So sanh vé hiéu suat hip phu MB cua
cac cong bd gan day voi nghién ctru ndy dugc trinh bay ¢ bang 1.
Dé dang thay ring, hiéu sudt hip phy trong nghién ctru ctia ching
t01 tuong dwong voi cac két qua cong bd gén day. Tuy nhién, mot
sd yéu t6 khac nhu pH dung dich, nhiét dg, nong do SiO, ciing anh
huong dang ké den hiéu suat hip phu MB ciia Fe,0 @SIO [1-3,5,

6, 16]. Vi vay, can ¢6 su nghién clru mot cach he thong va chi tiét
hon trong thoi gian sép toi.

Fe,0,@Si0, I6i vé .

OH—  SIO;

Xanh Methylen (MB) —OH

% S
OH | OH
OH

Hinh 7. M hinh mé ta co' ché hap phu MB cua vt liéu Fe,0,@Si0,.

Bang 1. Hiéu suét hdp phu MB cua vt liéu Fe,0
nhém nghién ctru.

,@Si0, cia mét so

Rl Phuongphdp a1« Hiu sudt T liéu
Chit hip phy ché tao Diéukién hip phy hipphu (%)  tham khio
pH=6,5
Fe,0,@8i0, Dongkéttia  Nong do dau 50 g, 90, [19]
m=20 mg/20m!
pH>8
Fe,0,@8i0, Thiynhiét  Nongdo dau 10 M, 93,0 20]
m=5 mg/20 ml
pH=10
Fe,0,@Si0, Thiynhigt ~ Nong d9 du 50 mg/l 90,0 1
m=0,03 ¢/10 ml
pH=74
. o Nongdd dau 25 mgll/s0
Fe,0,@Si0, Dong ket tua nlHQ, 913 [21]
m=0,25 g/75 ml
pH=11
f;;g:f‘g;“gg;igl”lm Déngkéttia  Nong do diu 50 mgl 850 1]
PN m=0,03 ¢/10 ml
. o Nongdg diu25x10¢ mol, o
Fe 0,@Si0, Dong ket tua m=0%03' 250l 88,0 Nghién ctru nay
4. Két luan

Ching t6i da phat trién thanh cong quy trinh ché tao vét liéu
Fe,0,@SiO, bing phuong phap dong két tiia don gian. Két qné
phén tich anh SEM, TEM, XRD, FITR, BET va VSM cho thay,
da phu thanh cong 16p vat li€u v dinh hinh SiO, 1én bé mit cic
hat Fe O, d¢ tao thanh vat li¢u Fe,0,@SiO,. Kich thudc cua cac
hat Fe,O, va Fe,0,@SiO, lan Iuot 1a 20-30 nm va 10-20 nm. Thur
nghlem Xu ly chat mau MB cho thy hiéu sut hap phu cua Fe,0,@
Si0, (88,8%) cao hon gép 3 lan so véi Fe,0, (29,1%). Mot co che

n
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hap phu MB ciia vat liéu Fe,0,@Si0, da duge dé xuét. Trong do,
twong tac tinh di¢n giira catlon (MB*) va anion (Fe,0,@Si0,)
dong vai tro chinh. Sy tang cuong hiéu suat hip phy MB frong mau
Fe,0,@Si0, dugc Iy gidi la do SiO, vira dong gop true tiép vao qud
trmh hap phu va vira lam ting dlen tich bé mit riéng ctia mau. Céc
két qua thu dugc chimg to vat lidu Fe,0,@Si0, c6 thé dugc tmg
dung lam chat hip phu chit mau trong m01 truong nude. Tuy nhién,
nghién ctru anh huong cua céc diéu kién nhu do day cua 1op vo
Si0,, pH dung dich, nhiét d¢ 1én hiéu sudt hip phu MB cua vét liéu
Fe, O ,@Si0, can phai dugc thyc hién trong thoi gian t6i.

L01 CAM ON

Nghién ctru nay dugc tai trg boi Quy Phat trién Khoa hoc va
Cong nghé Quoc gia (NAFOSTED) trong dé tai ma s6 103.02-
2019.32. Cac tac gia xin chan thanh cam on.
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