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ABSTRACT

This study is aimed to evaluate adsorption behavior of Cr(VI) ion in aqueous
solution by using FesO0s@SiO2 with SiO2 derived from rice husk ash. The
magnetic synthesized absorbent is generated at simple, inexpensive and
environmentally friendly conditions. Scanning electron microscope (SEM)
. analysis illustrated that SiO» nanoparticles, FesOs N nanoparticles and
Title: . Fes04@SiO: particles were in fairly spherical shape with diameter in a range
Adsorption behavior of Cr(VI) of 5 nm to 10 nm, 30 nm to 50 nm and 100 nm to 500 nm, respectively. The
ion on Fe30,4@SiO; with SiO, experimental results showed that FesOs@SiO: particles could remove 92.49%
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originated from rice husk ash of Cr(VI) at conditions of pH 2.5, contact time of 30 min, FesOs@SiO2 mass
of 0.1 g, and Cr(VI) initial concentration of 100 mg/L. The adsorption of

T khoa: ) Cr(VI) ion onto the absorbent can be considered as monolayer physisorption

Cr(VI), FesOu, hap phu, SiO-, onto heterogeneous surface with maximum adsorption capacity of 166.67

tro trau mg/g. The bonding energy of adsorbent and adsorbate is 7.1795 kJ/mol, and
CrxFe1x(OH)s precipitates is adsorbed into pores of SiO2 shell can be

Keywords: examined as the main mechanism of the adsorption.

Cr(VI), Fes0y, adsorption, TOM TAT

SOy, rice husk ash Nghién civu nay nham danh gia kha ndng hdp phu ion kim logi ning Cr(vl

trong nuée bang hat nano Fe;0s@Si0z véi SiOz cé nguon goc tir tro trdu. Vit
liéu hdp phu tir tinh dwoc tong hop & cdc diéu kién don gian, kinh té va than
thién véi méi trieong. Phdn tich kinh hién vi dién tir quét (SEM) cho thdy hat
nano SiOz, hat nano FesOa va vdt liéu hap Phu Fes0a@SiO2 ¢d hinh dang gan
hinh cau véi dwong kinh lan ot la 5 nm dén 10 nm, 30 nm dén 50 nm va 100
nm dén 500 nm. Két qua hap phu cho thiy Fes0s@SiOz cé thé logi b6 92,49%
Cr(VI) tai pH 2,5, thoi gian hép phu 30 phiit, khoi lwong Fe30,@Si020,1 g
va nong do Cr(VI) ban dau 100 mg/L. Pay la qud trinh hap phu vét Iy don 16p
trén bé mdt khong dong nhdt voi dung lwong hdp phu cuce dai la 166,67 mg/g.
Naéng lwong lién két gitka vt liéu hap phu va chat bi hap phu la E = 7,1795
kd/mol va két tia CrxFeix(OH)s bi hdp phu truc tiép trén bé mat 16 xo‘p clia
SiOz duegc xem la co ché chinh ciia qud trinh hip phu.

Trich din: Luong Huynh Vi Thanh, Ha Quég Nam, Lé Phudc Bao Tho, Tran Nguyén Phuong Lan va Tr?m
Thi Bich Quyén, 2020. Kha nang hap phy ion Cr(VI) cta vat liéu Fes04@Si0, véi SiO; tir tro trau.
Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(3A): 9-19.
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1 GIOI THIEU

Sy phat trién vuot troi cua cac nganh cong
nghiép hién nay trong tién trinh cong nghiép hoéa,
hién dai hoa cia nude ta kéo theo cac van nan vé 6
nhiém méi trudng anh huong xau dén sic khoe con
ngudi. Trong d6, 6 nhiém kim loai ning néi chung
va 6 nhiém ion chromium (Cr) c6 trong nuéc thai
clia cac nganh san xuat nhu dét nhuom, thudce da noi
riéng dang 1a van dé& duoc quan tdm. Trong nudc
thai, crom ton tai cha yéu & hai dang Cr(Ill) va
Cr(VI) 1a nhitng chét khong c6é kha nang phan huy
sinh hoc va cuc ky doc hai. Ion Cr(VI) c6 doc tinh
cao gap 100 lan so véi Cr(IlT) d6i voi phoi nhiém
cép tinh va man tinh (Abadin et al., 2007; Miretzky
and Cirelli, 2010). Theo tiéu chuan Viét Nam
QCVN 40:2011 vé nuéc thai cong nghiép, ham
luong Cr(VI) cho phép trong nudc thai 1a 0,05 mg/L
(Bo Tai nguyén va Mai truong, 2011). lon Cr(VI)
khi xdm nhap vao co thé nguoi thong qua hé ho hap
lam giam chirc ndng phdi, viém phdi, hen suyén
(Abadin et al., 2007) ciing nhu giy ung thu va gy
dot bién manh khi phoi nhidm qua duong tiéu hoa
(Health and Services, 1993). EPA (Environmental
Protection Agency) cua Hoa Ky thuc hién mot
nghién ctu thyc té vé& cong nhan lam viéc tai nha
may thuong xuyén tiép xic v6i chromate. Cac
nghién ctru dich t& hoc da xac dinh rd rang néu mot
ca nhan lién tuc hit thd trong moi truong chira 0,8
mgCr/m?3 ¢6 nguy co giy ung thur cao gip mét triéu
14N so véi binh thuong (EPA, 1999).

Cac ky thuat dé loai bo Cr(VI) trong nuéc thai
bao gébm két tua hoa hoc, phuong phép trao dol ion,
cong nghé loc mang, thim thiu nguoc, tuyén ndi,
phuong phap dién hdéa va quang xuc tac (Fu and
Wang, 2011; Wang, et al. 2015a; Feng et al., 2018;
Jiang et al., 2018). Mac du cac phuong phap nay co
hiéu qua cao nhung véi qua trinh phac tap, chi phi
cao vi thé chung bi han ché ung dung thyc té. Chinh
vi vay, hap phu tuy la mot phuong phap truyén
thong nhung van duoc uu tién str dung nhu mét giai
phap thyc té va kinh t& dé xtr 1y nuéc thai nhigm kim
loai nang boi tinh linh hoat va pht hop ddi véi hau
hét qua trinh xur 1y nudc thai thyc té hién nay. Ngoai
cac vat lidu hap phu truyén thong nhu than hoat tinh,
kaolinite, lignin, zeolite (Lu et al., 2017;
Rathnayake et al., 2017; Feng et al., 2018; Xiong et
al., 2018), hién nay v&i su phat trién cua cong nghé
nano, vat liéu nano ndi chung va vat liéu nano tir tinh
no6i riéng dang dan thay thé cac vat liéu hip phu
truyén théng. Vi tinh chét siéu thuan tir, dién tich
bé mit riéng 16n, hoat tinh xir 1y cao, Fe30, dang
duoc sy quan tam cua cac nha nghién coru nhu xu ly
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As(V) (Sheikhmohammadi et al., 2018), Methylene
blue (Saini et al., 2018) va Pd(Il) (Wang et al.,
2016b).

Tuy nhién dé dam bao do 6n dinh tir tinh va
nham tranh két tu cac hat, vat liéu tir tinh FesO,
thudng duoc phi mot 16p chat mang. Su bao boc cac
nguyén tir bé mat cia hat FesO4 bang cac chat hoat
dong bé mat hoic bang 16p vo vat liéu khac
(polymer, silicon) ¢6 tac dung trung hoa céc lién két
ha, cac nut khuyét nguyén tir trén bé mit ciia cac hat
Fes0., co tac dong tich cuc dén tinh chat vat 1y, hoa
hoc cua ching (Wang et al., 2016b). Trong d6, chat
mang SiO,, dic biét 1a SiO, c6 ngudn goc tir phu
phdm néng nghiép dwoc quan tim nghién ci,
khong nhitng c6 vai trd nhu mot 16p vo bao vé, bén
va it doc hai ma con lam giam anh hudng cia moi
truong bén ngoai cling nhu cac qua trinh lién quan
dén hat tai dién trong tinh thé nano.

Trong nghién ctu nay, mdt qua trinh xir Iy s€
duogc tién hanh dé danh gia kha nang loai bo ion
Cr(VI) trong nudc bang phuong phap hap phu sir
dung vat liéu Fes0,@Si0, duoc tong hop don gian
V6i SiO; c6 ngudn goc tir tro trdu ma khong st dung
bat ky tién chit ciing nhu dung méi dat tién nao
khac.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén liéu

Mudi ferric(111) chloride (FeCls.6H0), sodium
hydroxide (NaOH), chlorhydric aicd (HCI), va dung
dich amoniac (NH4OH) dugc mua tir Hoa chat
Xilong. Sodium borohydride (NaBH4) va poly vinyl
pyrrolidone (PVP) ¢6 ngudn gdc tir Sigma-Aldrich.
Dbi véi thi nghiém téng hop Fes0,@Si0,, SiO;
duoc phan tach tu tro triu d3 duoc thu mua trén dia
ban thanh phdé Can Tho.

2.2 Phwong phap phan tich

Trong nghién ciru nay, phuong phap phan tich
nhiéu xa tia X (XRD), phd tan sic nang lugng tia X
(EDS), phan tich nhiét trong lugng (TG/DTG), anh
hién vi dién tir quét (SEM) va hién vi dién tir truyén
qua (TEM), duogc ding dé xac dinh tinh chat Iy hoa,
cAu tréc tinh thé cling nhu hinh thai hoc cta cac hat
SiO; NPs, FesOs4 NPs va Fes04@SiO,. Ngoai ra,
quang phd tir ngoai va nhin thiy (UV-Vis) ding dé
xac dinh ndng d6 dung dich Cr(VI) trudc va sau khi
hip phu bai vt liéu Fes0,@SiOs.

2.3 Téng hgp SiO2 Nanoparticles

Céc hat SiO, dugc tong hop bang phuong phap

két tua hoa hoc (Nguyén Tri Tuan va crv., 2014).
Giai doan dau cta qua trinh nay 1a chiét xuat SiO;
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tir tro triu dudi dang NaSiOs; bang dung dich
NaOH. Pau tién, 10 g tro trau dwoc khudy véi 100
mL NaOH 3 M ¢ 200°C trong 2 gio. M6t dung dich
nhét mau vang da thu dugc sau khi loc phan chét ran
khong phan tng. Giai doan thu hai cua qua trinh 1a
két tia SiO,. Cac hat SiO; duoc két tua tir dung dich
Na;SiOs bang cach axit hoa bang HCI 2,5 M. Viéc
b6 sung aicd dugc thyuc hién rat cham cho dén khi
pH cua dung dich dat 6,0 dé thu két tua SiO, trang.
Céc hat SiO; nay s& dwoc rira nhiéu lan bang nudc
cét va ethanol. Cudi ciing, két tua udt duoc siy kho
¢ 60°C trong 24 gid.
2.4 Tong hop Fes0:@SiO>

Trong nghién ctru nay, mét phuong phap don
gian dé che phu cac 15i tir Fe304 bang SiO, da duoc
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d8& xuat ma khong str dung bat ky tién chét cua SiO;
cling nhu dung méi dét tién nao. Pau tién, 54 mg
FeCl3.6H20 dugc hoa tan trong 50 mL PVP 1% khi
khudy va sau d6 50 mL NaBH; 0,5 M dugc thém
vao dung dich thu dugc va nhiét d¢ dugc tang 1é€n
80°C trong 15 phat. Mau ctia dung dich chuyén tir
sang sang t6i ngay sau do. Tiép theo, 20 mg SiO;
duoc thém vao hon hop phan ung trén va pH duoc
kiém soat khoang 12 bang dung dich NH,OH 25%.

Vit lidu Fes0,@SiO, dugc téng hop trong 2 gio
& nhiét do trén, sau d6 1am ngudi dén nhiét do phong
va duoc rira nhiéu 1an bang nudc cit va etanol. San
phim duoc sdy kho & 50°C trong diéu kién chan
khong (0,5 atm) trong 6 gio.

OH

—O ?)-—OH

‘“S|

" o

0,. NH,0H

L

Hinh 1: Quy trinh téng hep nano Fes0:@SiO:

2.5 Hép phu

Qua trinh hip phu ion Cr(VI) duoc khao sat &
diéu kién tinh, bang cach sir dung phuong phap luan
phién ting bién dé xac dinh diéu kién t6i wu cho quéa
trinh. Yéu t pH duoc thay déi tir 2,0 d&n 6,0 bang
cach st dung dung dich KOH va HCI, ndng dé chét
bi hap phu thay ddi tir 20 - 150 mg/L va 1&u hap phu
0,01 - 0,2 g Fes04@SiO, trong thoi gian tur 15 - 75
phiit. Nong do ion Cr(VI) sau hap phy duge xac dinh
bing phuong phap UV-Vis sau khi dugc ly tam
nhiéu lan dé loai bo chat hap phu.

Dung lwong hip phu qc (mg/g) va hiéu suit hap
phu H (%) cua Cr(VI) boi vat lisu hip phu
Fe304@SiO; dugc tinh theo cong thirc (Kastner et
al., 2015; Chen et al., 2018; Xiao et al., 2018):

c,-cov
Qc=% )
¢,—C
H:Mx 100% (I1)
Co

Vi gc (mg/g) 1a dung luong hap phu, C, (mg/L),
Cc (mg/L) lan luot 1a nong do Cr(VI) trude va sau
khi hdp phu, V (mL) 1a thé tich dung dich hap phuy,
m (g) la khdi lwong chét hip phu.
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3 KET QUA VA THAO LUAN
3.1 Nhiéu xa tia X (XRD)

Két qua phan tich XRD cua mau SiO, NPs (a),
Fes04 NPs (b) va Fes0,@SiO; (¢) dugc thé hién qua
Hinh 2a chi ra rang mot dinh vo dinh hinh twong ing
véi goc 20 = 23° dac trung cho pha vo dinh hinh
cua SiO; da duoc ghi nhan ( Morel et al., 2008;
Wang et al., 2014). Hinh 2b cho thiy céac dinh nhiéu
xa tai 20 = 30,3° ; 35,7° ; 43,4° ; 53,8° ; 57,3° va
62,9° dac trung cho cac pha cua cac vat liéu FesO,
dugc danh dau tuong g véi cac chi sé miler (220),
(311), (400), (422), (511) va (440) dugc tim thiy
trong mau FesO4 ( Morel et al., 2008; Wang et al.,
2014). Két qua nay phu hop véi phd chuan (JCPDS
No. 851436). Cung véi cac dinh nhiéu xa dic trung
cua Fe304, mot dinh vo dinh hinh cta SiO; ciing di
dugc ghi nhan tai goc 20 = 23° ma khong xuét hién
c4c peak nhidu xa la nao (Hinh 2¢) cho thdy c6 su
tao thanh 16p SiO. 1én bé mat cua cac hat FesO4 ma
khong lam bién ddi tinh chit cua FesOa, va két qua
nay tuong ty nhu cac nghién ciru trude day da duoc
cong bd (Choolaei et al., 2012; Venkateswaran et
al., 2013; Wang et al., 2014).
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3.2 Kinh hién vi quét (SEM) va kinh hién vi
dién tir truyen qua (TEM)

WW % Hinh thai bé mat va kich thudc hat cua vat ligu

SiO2 NPs (a), FesO4 NPs (b), Fes0.@SiO; (c) duoc
thé hién qua anh SEM trong Hinh 3. Quan sat SEM
cua cac mau cho thiy cac hat SiO, va Fe;0, dugc
t6ng hop vai hinh thai hoc dang gan nhu hinh cu,

(c)Fe,0,/ SiO,

s d6 ddng nhat cao va duong kinh 1an luot trong
£ khoang 5 nm — 10 nm va 30 nm — 50 nm. Bén canh
5 (a) siO, d6, mac du khong sir dung nhiing tién chat dit tién
= va dung moéi nhu phuong phap Stocber, cac hat
..//\\ Fes04@SiO; ¢6 kich thudc (100 nm - 500 nm) gan

o nhu tuong dong véi cac nghién ctru ciia Rahman et

al., (2015) va Subhan et al., (2019). Su bao phi bé
mat 16i FesO4 NPs bai SiO, duoc thé hién qua anh
" TEM (Hinh 3d). Céac hat FesO4@SiO; twong phan
* * *T ‘ toi do ban chat tinh thé ciia Fes04, duoc phan phoi
——r—— trong SiO- v&i d6 trong phan sang khong nhirng lam
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 ~r o N A . P , - N \
2 Theta (degree) cho 16i tir On dm}} hon ma con tranh sw dn mon va
gitr d6 phan tan on dinh so vai hat tran FesOs ma
khéng c6 sy bao vé cua SiO, (Wang et al., 2016b).

*  xFe,0, JCPDS 85-1436

Hinh 2: Phé nhiém xa tia X (XRD) ciia SiO2 NPs
(a), FesO4 NPs(b) va Fe:04@SiO2 (c)

Hinh 3: Kinh hién vi dién tir quét (SEM) ciia vat ligu SiO2 NPs (a), FesOs NPs (b), FesOs@SiO: (c) véi
d9 phéng dai 30.000 lan va kinh hién vi dién tur truyén qua (TEM) caa FesOs@SiO2 (d)

3.3 Phaén tich nhiét trong lwgng TG/DTG 3 giai doan chinh. Giai doan I: sy mét 3,03% khdi
luong tir 30°C — 100°C 1a qua trinh mat nudc vat Iy
dién ratrong mau Nguyén nhén la do ban than SiO>
¢6 céu triic 16 x0p nén c¢6 kha niang hut am manh

Hinh 5 1a ké'thué phan tich nhiét trong luong
TG/DTG cua mau Fe304@SiO.. Qua trinh mat
khoi luong cta FesO.@SiO; tir 30°C — 800°C gom

12
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(Abbas et al., 2014). Giai doan I1: khi nhiét do trén
100°C c6 su mat nudce hoa hoc dién ra (Bakheet and
Zhu, 2017), Iac nay sy mat khdi luong 14 11,59%. O
giai doan cubi ciia qua trinh tir 350°C dén 800°C sy
tang 0,41% khdi luong di dugc ghi nhan. Vi trong
qué trinh t6ng hop Fes04, mot phan ion Fe®* bi khir
boi NaBH,4 vé dang ion Fe? chua bi oxy hoa thanh
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pha Fes04, khi c6 tac dung cua nhiét do cao, phan
tng oxy hoa lac nay tiép tuc dién ra lam ting khoi
lwong ciia mau. Tuy nhién, sy ting khdi luong nay
khong nhiéu, diéu nay chimg t6 mau Fe;0,@SiO;
dugc tong hop chira thanh phan FesO4 cao va co kha
nang chiu duoc nhiét d6 cao.

100

Weight (%)

85

80 T T

&

o

£

=

~ccs§,

2

2
\H&l:.v_.-——ccug

T
300

T
400

T T T
500 600 700

Temperature (°C)

Hinh 4: Phan tich nhiét trong lwong TG/DTG ciia miu FesO4@SiO:

34 Cac yéu té anh hwéng dén qua trinh
hap phu ion Cr(VI) béi FesOs@SiO:
3.4.1 Anh huong cia pH

Gia tri pH cua dung dich c6 sy anh hudng dang
ké dén kha niang bi hap phu cia cac chat, do d6 viéc
st dung vat lieu Fes0,@SiO; hap phu ion Cr(VI)
trong nude da duoc tién hanh véi sy thay doi cua pH
tir 2,0 — 6,0. Két qua cho thay hiéu sut cua qué trinh
hip phu da thay d6i 16n khi tién hanh hip phu Cr(V1)
bing Fes04@SiO; va tudn theo phuong trinh y =
0,797x® — 11,144x> + 40,708x + 44,965 (R? =
0,9991). Dung luong hip phu ciing nhu hiéu suét
hap phu dat gia tri cuc dai 45 mg/g va 90,1% tai pH
2,5, va giam dan (88,11% xudng 60,08%) khi ting
dan pH tir 3,0 — 6,0). Diéu nay 1a do trong khoang
pH tién hanh khao x4c qua trinh hap phu ion Cr(V1)
mang dién 4m khong nhiing tich dién cing dau véi
Fe;04@Si0; (Hinh 6b) ma con bi canh tranh bé mat
hip phu boi ion OH" khi tang pH dan dén hiéu suat
clia qua trinh giam. Dya vao sy phan b cac dang
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ion cia Cr(VI) dugc thé hién qua Hinh 6¢, ¢ pH
khoang 2,5, Cr(VI) ton tai chi yéu & dang ion
dichromate (Cr,07*) va hydro chromate (HCrO4)
1a cac anion ¢6 kich thudc twong ddi nho va dé dang
hap phu. Trong khoang pH 2,0 — 4,0, Cr(VI) di dan
chuyén sang dang chromic acid (H2CrOs), 1a mot
anhydride da vong co kich thudc I6n va khé hap phu
hon (Zhu et al., 2017) do d6 dung lwong hip phu &
gia tri pH nay thap hon khi & pH 2,5. Ngoai ra,
Cr(VI) ¢6 thé chuyén hoa thanh CrO4% cuc ki kho
xir 1y khi pH tir 5,0 — 6,0. Néu so sanh ion CrO42 va
Cr,0-% thi ca hai déu mang gia tri dién tich 1a -2,
nhung ion dichromate c¢6 2 nguyén tir chromium nén
khi hap phu chromium thi vat liéu hap phu can 2 tim
hap phu dé loai bo 2 nguyén tir chromium dudi dang
dichromate, nhung lai chi c6 thé loai bo 1 nguyén tir
chromium dué6i dang CrO42. Vi thé, hiéu suat hap
phu Cr(VT) c6 gia tri kém nhét trong khoang pH 5,0
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Hinh 5: D6 thi bién dién sy anh hwéng cia pH dén dung lwong va hiéu suit hap phu Cr(VI) caa
Fes04@SiO2 (a), sw phu ctia ApH = pHsau — pHaiu theo pHaiu (b) va swr phan b cac dang ion caa
Cr(VI) theo pH (c)

3.4.2 Anh huong cia khoi hirong chat hap phu hién twong hap phu da 16p dan dén hiéu suat hap phu
kém, nhung dung luong hap phu rét I6n. Tuy nhién,
khi tang dan chat hap phu thi hiéu suat tang 1a do s6
tdm hap phu da du, do d6 qua trinh hap phu don 16p
chét hap phu tir 0,01 g — 0,2 g Fes0u@SiO; thi higy ~ 0an ohiem uu the hon qud trinh da 16p, nhung lai lam
P S £ X giam dung lugng hap phu. Thém vao d6, khi s6 tim
suat hap phu tang tir 24,50% dén 94,48% va dung z 2 s S A S %

A e £ \ hap phu da du cling nhu qua trinh can bang hap phu
luwgng hap phu giam tir 122,49 mg/g xuong con ) AP A S VRN S
. .Y > dién ra thi hiéu suat sé it bi bién doi vi thé khi khoi

23,62 mg/g. Khi luong FesO,@SiO, 1a 0,1 g thi hiéu At lial WA NS A )
Ze 1A Y N ’y luong vat liéu hap phu tang tir 0,1 g 1én 0,2 g thi sy
suat hap phu dat 92,09% va gitt gan nhu khéng doi AN S s T0s XA ¢
. % ap lial A N chénh 1éch hiéu suat hap phu chi la 1%. Vi vay, khoi

khi tang khoi lugng vat liéu hap phu 1én dén 0,2 g. . e .

. n o Y f luong 0,1 g Fe;0.@SiO; la toi wu trong khoang
Nguyén nhan dugc cho 1a khi lugng chat hap phu it khio sat trén va d it dé tién hanh khéo sat anh
thi sb lwong tdm hap phu khong nhiéu nén xay ra ao sat tren va duge giur de tien hanh khao sat an

; ; hudng nong d6 chat bi hap phu.

‘Hinh 7 biéu dién sy anh hung cua khoi luong
chat hap phu (FesO,@SiO2) den hiéu suat hap phu
va dung lugng hap phu Cr(VI). Khi tang khoi luong

100 160
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3 70 A H% ---qc [ 120
< 60 L 100 &
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& 10 1 60 &
£ 30 4

-- L 40
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Hinh 6: P thi biéu dién sy anh hwéng cia khéi lwong chit hip phu dén dung lweng va hiéu suit hap
phu Cr(VI) cia FesOs@SiO2
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343 Anh huong cianong dg ban dau chat bi
hap phu

Sy phu thudc cua dung lugng va hiéu suit hap
phu Cr(V1) bang Fe;0,@SiO, béi ndng do ban dau
Cr(VI) dugc thé hién qua Hinh 8. Khi ting ndng do
tir 25 mg/L dén 100 mg/L, hiéu suat hip phu giam
tir 95,01% xudng 91,5%, tir &6 nhan thay su thay doi
khong déng ké va qua trinh tré' nén 6n dinh do lugng
chat hap phu sir dung da dap tmg du s6 tam hap phu.
Khi ting nong do tir 100 mg/L 1én 200 mg/L qua
trinh hap phu da 16p didn ra, mit khac sy c6 mat

Tdp 56, So 3A (2020): 9-19

ddng thoi caa ion Cr(VI) & néng do cao lam che
chan khong gian dan dén viéc han ché qua trinh tiép
xuc cua chét bi hip phu dén bé mat hap phu lam
giam 45,16% hiéu suét cua qua trinh tir 91,5% (C, =
100 mg/L) xubng 46,34% (C, = 200 mg/L). Bén
canh d6, dung luong hap phu ting 33,87 mg/g tai C,
=100 mg/L so véi Co = 25 mg/L va gan nhu khong
dbi khi ting nong do caa Cr(VI1). T két qua trén
chon ndng d6 ban dau Cr(VI) 100 mg/L 14 t6i uu cho
qué trinh nham dam béo can bang giita hiéu suat va
dung lugng hap phu.
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E 60 A L 30
. g
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Hinh 7: D6 thi bién dién sy anh hwong cia nong d chit bi hap phu dén dung lhrgng va higu suit hip

phu Cr(VI) ciia Fes04@SiO2

3.4.4 Anh hwong cua thoi gian hap phu

Hinh 9 biéu dién sy anh huong cia thoi gian hap
phu dén dung lugng va hidu suat hap phu Cr(VI) cia
Fes0,@Si0,. Két qua trén cho thay rang 15 phut 1a
chua du dé Fe;04@SiO; c6 thé hap phu tdi uwu
Cr(VI) do chit bi hip phu chua du thoi gian dé
khuéch tan dén bé mat hap phu. Piéu nay duoc thé
hién qua hiéu suat hap phu (58,30%) va dung luong

hap phu (29,15 mg/g) thap hon rat nhiéu so véi ¢ 30
phut. O 30 phat, hiéu suat va dung luong hap phu
lan luot dat 92,49% va 46,25 mg/g va gan nhu 6n
dinh cho khoang thoi gian tiép theo cua qua trinh
hap phu. Dleu nay la do 30 phut di du dé cho qué
trinh xay ra gan nhu hoan toan, lic nay qua trinh hép
phu gan nhu tién dén trang thai can bang nén hiéu
SUAt tang rat it, chi ting 1,79% khi tiép tyc ting thoi
gian hap phu thém 30 phut.
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Hinh 8: P thi bién dién sy anh huong cha thoi gian hap phu dén dung lweng va hiéu suit hap phu
Cr(VI) cha FesO4@SiO2
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3.4.5 Cdc mé hinh ding nhiét hdp phu

Bang 1, qué trinh hap phu Cr(VI1) bang vat ligu
hip phu Fes0,@SiO, tuin theo phwong trinh
Freundlich véi gia tri R2 = 0,9770. Piéu nay mot
phan c6 thé giai thich 1a do su bao phu bé mat cac
15i tir bang SiO; 1a chua that sy dong déu lam cho
bé mat hap phu Khong ddng nhét dan dén cac tam
hip phu manh yéu khac nhau. Cac tam hap phu
manh co nhiét hap phu I6n va lién két voi cac tiéu
phan xay ra truéc dan dén mot trung tam hoat dong
¢6 thé lién két mot lic nhiéu tiéu phéan. Didu nay di
nguoc lai vai gia thuyét ciia phwong trinh Langmuir:
mdi trung tim chi hdp phu mét tiéu phan; bé mat hap
phu 1a dong nhat, nghia 1a nang lwong hip phu trén

Tdp 56, So 3A (2020): 9-19

cac trung tdm la nhu nhau va khong phu thudc vao
Su ¢ mat ciia cac tiéu phan hap phu trén cac trung
tam bén canh.

Bang 1: Cac thong s6 ciia md hinh dang nhiét hap
phu Langmuir va Freundlich cho qua
trinh hap phu Cr(VI) trén vat liéu

Fe:04@SiO2
Ping nhiét Langmuir Ding nhiét Freundlich
R? 0,9289 R? 0,9770
RL (L/mg) 0,0350 1/n 0,5798
Jmax (MQ/Q) 166,67 K¢ 2,8236

~ Théng qua cac thong s6 ciia mo hinh (;Iéng nhiét
hap phu Langmuir va Freundlich dugc thé hién qua

Bang 2: Tém tit cac cong trinh nghién citu hap phu Cr(VI) béi cac vat liéu khac nhau

Vit liéu hip phu

pH gmax (Mg/g) Tai li€u tham khao

Chtre nang héa nhém amino Ién cac ong nano Titanate

Hat nano Polyethylenimine/magnetic
EDA-MPMs

MSCGE

Silica gelatin

Hat nano Fe304
Polydopamine/Chitosan/Fe;O4
Ethylenediamine-Fe;O4

1:1 Fe304-NH,@PmPDs
F€304@Si02

5,4 153,85 (Wang et al., 2013)
2-3 83,33 (Pang et al., 2011)
2,0 253 (Wang et al., 2015b)
2,0 171,5 (Bhaumik et al., 2011)
4,0 56.15 (Thakur and Chauhan, 2014)
2,0 20,163 (Rajput et al., 2016)
2,0 151,51 (Wang et al., 2016a)
2,0 81,50 (Fang et al., 2014)
2,0 508 (Abbas et al., 2014)
2,5 166,67 Nghién ctru nay

Tir Bang 2, dung lwong hap phu cuc dai (166,67
mg/g) ion Cr(VI) cua Fes04@SiO- 1a kha cao so voi
hat nano Fes;04 (20,163 mg/qg), silica gelatin (56,15
mg/g), ethylenediamine- FesOs4 (81,5 mg/g), hat
nano polyethylenimine/magnetic (83,33 mg/g), va
polydopamine/chitosan/ FesO, (151,51 mg/g). Véi
cac vat liéu hap phu dua trén nén tir tinh (FesOu),
qué trinh bién tinh véi SiO, trong nghién ctru nay da
cho thay tinh vuot troi trong viéc hap phy ion kim
loai nang Cr(VI) trong nude. Ngoai ra, khd nang hap
phu cuc dai cua Fes04@SiO; ciing cho thdy kha
nang hap phu vuot tréi so véi ong nano Titanate
dugc chic nang héa véi nhom amino (153,85 mg/g),
va kha twong dong so véi MSCGE (171,5 mg/g),
nhung lai kém xa so v6i EDA-MPMs (253 mg/g) va
1:1 Fe3O4-NH@PmPDs (508 mg/g). No6i tom lai,
viéc bién tinh SiO; trén vat liéu FesO,4 cho thiy viéc
cai tién kha ndng hap phuy ion Cr(VI) cua cac vat hap
phu trén nén Fes0, da dugc cong bo.

V6i két qua tinh toan tir mo hinh dang nhiét
Dubinin-Radushkevich (Hinh 10) c6 thé khang dinh
qua trinh hip phu Cr(VI) trén bé mat Fe;0,@Si0;
1a qua trinh hap phu vat 1y véi gia tri nang lugng lién
két E = 7,1795 kJ/mol. Qua trinh hap phu dién ra
chu yéu trén bé miat cua SiO; bao quanh cac 15i tir.
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V6i cau trac 16 x6p dic trung ctia minh SiO, cho
phép cac ion Cr(VI) khuéch tan vao cac 16 xdp va
dugc gitt & day, ngoai ra con lyc lién két tinh dién,
lyc Van der Walls ciing 1a nguyén nhan gitp cac
phan tirion Cr(V1) bi gitr lai trén bé mat vat liéu hap
phu (Wang et al., 2010).

0.02
L ]
0.015 -
y =-0.0097x + 0.0465
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Hinh 9: Pwong dang nhiét hap phu Dubinin-
Radushkevich

V6i gia tri R? cua phuong trinh Dubinin-
Radushkevich 1a R? = 0,9136 tuy c6 do chinh xac
cao nhung van chura tuyét d6i (R2<1)lado qua trinh
hap phu c6 thé da dién ra thong qua viéc trao ddi ion,
ngoai ra véi bé mit hap phu khong dong nhét cac 15i



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Fes04 khong dugc che phi bai SiO; thé hién tir tinh
manh mé& (Rahman et al., 2015). Vi nang lugng
viing cim thép, viéc hinh thanh cac gbc tu do dién
ra manh mé khi c6 tac dong cua nang lugng bén
ngoai (anh sang) qua trinh khtr Cr(VI) thanh Cr(III)
¢6 thé da duoc dién ra (Zhang et al., 2012). Do do,
c6 thé giai thich véi R? < 1 ngoai qua trinh hap phu
vat 1y chiém wu thé trong qué trinh xir 1y Cr(VI)
bang Fes0,@Si02 con co qua trinh hap phu héa hoc
va sy khir mot phan Cr(VI) thanh Cr(III).

Cr3+
o

Sio,

Hinh 10: M ta qua trinh hap phu ion Cr(VI1)
béi Fes04@SiO-

Co ché cia qué trinh xir 1y ion Cr(VI) boi vat
liéu Fe;0,@Si02 duoc md ta qua Hinh 11. O giai
doan dau cua qua trinh cac ion CrO4? s& b khtr boi
tac nhan Fes0,@SiO; dé hinh thanh céc ion Cr*,
Fe®* va OH". Sau d6, duéi tac dung ctia moi trudng
kiém, Cr3* va Fe?* két tua & dang Cr(OH)s(r) va
Fe(OH)3(r). Hon nita, cac ion Cr¥*, Fe®* va OH" c6
thé két hop dong thoi dé hinh thanh phiic CryFe;.
«(OH)3(r) (Wu et al., 2015). T4t ca cac két taa nay
s& bi hdp phu tryuc tiép trén bé mat 18 x5p cua SiO,.

4 KET LUAN VA BE XUAT

Vit liéu hap phu Fes0,@Si0; da duoc tong hop
thanh céng véi nguon SiO, dugc thu hoi tir tro trau
bang phuwong phap don gian ma khong str dung dung
mdi hay tién chat dt tién. Cac hat Fe;04@Si0; co
dang hinh ciu véi duong kinh tir 100 nm dén 500
nm ma khong c6 su thay ddi pha cua FesOq
nanoparticles dién ra trong Fes0,@SiO,. Hon 90%
Cr(VI) tir dung dich ban dau ¢6 ndng d6 100 mg/L
d4 bi hap phu bang 0,1 g vat liéu Fes0,@SiO; trong
thoi gian 30 phut & pH 2,5. Co ché chinh ciia qua
trinh hp phu Cr(V1) bang Fes04@SiO; 1a qua trinh
hap phy vat 1y v6i gmax = 166,67 mg/g. Bén canh d6
nham muc dich mé rong pham vi tng dung cua vat
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liéu Fe;04@Si0; can chirc nang hoa bé mit vat liu
thém mot sé vat liéu khac nhu: bac (dé ting kha
ning khang khuan), chitosan (ting kha ning twong
thich sinh hoc), nhom -NH, (ting hoat tinh hap phu).
Hon nita c¢6 thé thir nghiém hoat tinh xtr 1i cua
Fes0,@Si0, ddi vi mot s chat ngay 6 nhiém khac
nhu : As, Cu, Hg, Pd.
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