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Hf\'P PHU CROM (111) TRONG DUNG DICH NU'GC
BANG CAC HAT NANO MANGAN FERRITE

ADSORPTION OF CHROMIUM (I11) FROM AQUEQUS SOLUTION BY MANGANESE FERRITE NANOPARTICLES
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TOM TAT

Trong bai bao nay, vt liéu mangan ferit c6 kich thugc nano dugc tong hop
bang phuong phap thiy nhiét 6 nhiét d la 190°C trong 12 gio. Kich thudc va cau
triic vi mé ctia MnFe;0, dugc phan tich dua trén nhiéu xa tia X (XRD), kinh hién vi
dién ttr quét (SEM). Qua trinh hdp phu - gidi hdp nito dugc st dung dé xdc dinh
dién tich bé mét (Brunauer - Emmett - Teller (BET)) va do x6p cla vat liéu tong
hap dugc. Suhap phu cta Cr (Ill) 1én cac hat nano mangan ferit da dugc khao sat.
Dac tinh hap phu va hiéu qua loai bo Cr (Ill) cla chat hap phu da dugc xac dinh
bang cach nghién ctiu anh hudng ctia liéu lugng ferit mangan. Dung lugng hap
thu Cr (I11) t6i da dugc xac dinh la 22,37mg/q khi st dung 0,08g/100mL MnFe,0,
@ pH bang 5, nhiét d 25°C va thai gian tiép xdc la 24 gic. Mo hinh Langmuir,
Freundlich va Dubinin - Radushkevich d& dugc s& dung dé thi nghiém cac di
liéu, nhiing md hinh nay cho thay ¢6 méi tuong quan tét.

Tirkhéa: Mnfe;0, kich thuéc nano, thuy nhiét, hdp phu, Cr (1)
ABSTRACT

In the present paper, nanosized manganese ferrite material is synthesized
by the hydrothermal method at temperatures of 190°Cin 12 hours. The size and
microstructure of MnFe,0, were analyzed based on X-ray diffraction (XRD),
scanning electron microscopy (SEM). The nitrogen adsorption-desorption was
used for determination of surface area (Brunauer - Emmett - Teller (BET)) and
porosity of the fabricated material. The adsorption behavior of Cr (lll) using a
new magnetic adsorbent is investigated. The adsorption characteristic and Cr (I1l)
removal efficiency of the adsorbent have been determined by investigating the
influence of operating variables such as dosage of manganese ferrite. The
maximum Cr (I1l) sorption capacity was found to be 22.371mg/q and obtained
using 0.08¢/100mL MnFe,0, when pH equals 5, a temperature of 25°C, and
contact time as 24 hours. The Langmuir, Freundlich and Dubinin - Radushkevich
models were used to fit the experimental data and these showed good
correlations.

Keywords: Nanosized MnFe;0,, hydrothermal, adsorption, Cr (1ll).
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1. MO PAU

Loai bd kim loai ndng khdi hé sinh thai thiy sinh bao
gém céac dong nudc thai cong nghiép va nguén cung cap
nudc tu nhién dugc coi la mot van dé quan trong déi vai
stic khde toan cau do tinh chat doc va khong phan hay ctia
ching [11. Trong s6 d4, crom (Cr) dugc cong nhan la mot
trong nhiing nguyén té vi lugng nguy hiém chinh, do dugc
ung dung rong rai trong cac quy trinh cong nghiép khac
nhau nhu hoan thién kim loai, ma dién, ma crom, thuéc da
crom, san xudt héa chat crom, bao quan go, dét nhuom,
nhudém mau, khai thdc md, san xudt bot gidy va gidy.
Nhing hoat déng nhu vay da lam tdng muc dé 6 nhiém
crom trong nudc, dat va khong khi, gay ra nhiing tac hai doi
véi stic khoe con ngudi va méi trudng [2]. Cacion Cr (Ill) va
Cr (VI) 13 ion chinh, phé bién va c6 dé 6n dinh cao [3]. Cr (1ll)
va Cr (V) ¢6 thé chuyén d6i cho nhau tuy thudc vao doé pH,
su hién dién cta cac hgp chat oxy héa va khi, téng néng
dé crom trong cac hé théng dat, nudc va khi quyén [4].
Cr (Ill) rat quan trong déi véi cac co thé séng, chi yéu la cho
hoat déng binh thudng, kiém soat qua trinh chuyén hoéa
glucose va lipid [5]. Nhung & néng d6 cao hon, né chi yéu
anh hudng dén hé théng hé hap, mién dich va cé kha nang
tao ra cac hiéu iing DNA gay doc gen trong nhan té bao [6].
C6 nhiéu phuong phap khac nhau dé loai bé crom va cac
kim loai déc hai khéc ra khoi dung dich nudc, chdng han
nhu két tia hoa hoc [7], trao d6i ion [8], loc mang [9], dong
tu bang dién [10], xt ly bang thuc vat [11] va hap phu [12].
Gan day, ngudi ta da cha y va thu hat nhiéu hon dén viéc
phat trién cac chat hdp phu cé chi phi thap, dién tich bé
mat cao, tinh chat dién va tu t6t, dé loai bé cac kim loai
ndng ra khdi nudc, chdng han nhu alumin [13], hat nano
oxit sat [14], hat nano oxit mangan [15]. Bén canh d¢,
MFe,O4 (M = Mg, Ni, Cu, Mn, Co), dugc cdng nhan la spinel
ferit v&i cac dac tinh déc dao bao gém tinh 6n dinh héa hoc
va tinh tu tinh dang ké, nén da dugc st dung rong rai dé
loai bd cac kim loai ndng khéi pha nuéc [16]. Trong s6 cac
spinel ferit ké trén thi MnFe,0, dugc cdng nhan 1a chat hap
phu néi tiéng do chiia cdc nhém chic hoat dong va kha
nang lién két ion cao [17]. Mat khac, MnFe,O, & dang cau
trdc nano khong cho thdy déc tinh trong cac thi nghiém
khac nhau vé anh hudng déc tinh [18]. Cé nhiéu phuong
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phap dé téng hgp hat nano ferit bao gém phuong phap
gém, dong két tha [19], sol-gel [20], sdy phun [21] va
phuang phép thay nhiét 1a s¢ dung nhiét d6 va ap suat
[22]. Trong s6 d6, phuang phap thay nhiét c6 thé tao ra cac
hat nhé hon nhiéu, chdng han nhu cum, phan td, ion va
nguyén tu [23]. Vi vay, trong bai bdo nay ching t6i dé cap
dén cac két qua nghién ctu su hap phu Cr (lll) trong dung
dich nudc trén vat liéu MnFe,0,4 cé kich thudc nano dugc
téng hgp bang phuang phap thuy nhiét.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chat va thiét bi

Cac hoa chat stir dung trong nghién ctu la cac hoa chat
tinh khiét dugc mua ti Hang Merck, Bic gom: FeCls.6H,0,
MnCl».4H,0, NaOH, Cr(NOs);, HNO;, CH;COOH. Ethanol
(CoHsOH) dugc mua tir Hang Guangzhou,Trung Quéc. Nudc
cat hai lan (cat trén thiét bi cat nudc Fistream Cyclon,
England) dugc st dung dé pha ché hoa chat va trang, rta
cac dung cu thuay tinh. Céc thay tinh chiu nhiét 100ml,
200ml, 500ml, micropipet cac loai, can phan tich, may
khudy tU gia nhiét, c6i chay ma nao, 106 nung, ti sdy, binh
thuy nhiét (b6 Autoclave).

Vat liéu t8ng hop dugc nghién cliu bang cac phuang
phap vat ly hién dai nhu: Cu truc va do tinh thé ca vat
lieu nhan dang bé&i sy nhiéu xa tia X (XRD) do trén may
D8-Advance, Brucker véi tia phat xa CuK, cé budc séng
\ = 1,5406A, cong suat 40kV, géc quét 20° dén 80°. Hinh
thai clia san phdm quan sat bang quét kinh hién vi dién tu
(SEM) va ph8 EDX duoc thuc hién trén SEM-JEOL-JSM 5410
LV (Nhat Ban) & 10kV, phé Raman dugc ghi trén may Micro
Raman LABRAM. Dién tich bé mat riéng dugc xac dinh bang
dudng dang nhiét hdp phu - gidi hdp nito st dung
Micromeritics Tristar 3000, noi cac mau trudc d6 da duac
kht khi & 120°C trong 12 gig, ti€n hanh gia nhiét tir 120 dén
180°C vi thdi gian thay déi trong khoang 6 - 12 gid.
2.2.Téng hgp MnFe;0,

Cho 0,693g MnCl,.4H,0 va 1,892g FeCl;.6H,O vao moét
c6¢ thuy tinh 250mL, thém 180mL nudc cat, dung may
khudy ti khudy déu thu dugc dung dich A. Hoa tan 1,400g
NaOH vao 20mL nudc cat, sau dé nhé tiing giot dung dich
NaOH vao binh chira dung dich A tiép tuc khudy déu bang
may khudy tu, giir dung dich & nhiét dé phong trong thoi
gian 15 phut, xuat hién két tda mau nau den (B). Cho hén
hgp B vao binh teflon 250mL day ndp r6i dua vao bd
Autoclave, van chat. Thay phan hén hgp trén bang cach
cho bd Autoclave c6 chira dung dich B vao 16 nung. Tién
hanh gia nhiét & nhiét do la 190°C véi thai gian 12 gid [24,
25], sau d6 dé ngudi binh thuy nhiét dén nhiét dé phong,
thu dugc dung dich chia két tha va cac chat hoa tan. Gan
lay két tda réi rira bang ethanol va nudc cat nhiéu lan dén
pH =~ 7. Cuéi cung san phdm dugc sdy khd & 60°C trong
vong 12 gid, nghién min ta dugc MnFe,0..

2.3. Kha nang hap phu Cr (lll) trén vat liéu MnFe,0,

Dé khdo sat khd nang hap phu Cr (lll) trén vat liéu

MnFe,0,, chiing téi sir dung phuong phap hap phu tinh. Cho
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100ml dung dich chua Cr (lll) v6i néng d6 ban dau khac nhau
tur 5, 10, 20, 30, 40 va 50mg/L vao céc binh tam giac da c6
chua 0,08 gam vat liéu MnFe;O,. Qua trinh hap phu dugc
tién hanh trong diéu kién t6i uu (pH = 5, téc dé khuay la 240
rpm, thai gian khudy 24 gid) & nhiét d6 phong khoang 25°C.
Sau khodng thai gian 24 gid, cdc mau dugc loc dé thu lay
dich loc. Néng d6 cua ion kim loai trong dung dich loc dugc
xac dinh bang may quang phé hap thu nguyén tl (AA-.7000-
Shimadzu). Tat ca cac thi nghién dugc lap lai 3 1an va ldy két
quad trung binh cong. Ham lugng Cr (ll) bi hdp phu
(milligram) trong méi gram vét liéu dugc xéac dinh bang cach
st dung phuong trinh can bang khéi lugng sau day [26]:
q:w (1) va hiéu suat hap phu dugc tinh bang
m

cong thic: Hop — (COC_—Ce)X 100 (2). Trong d6, q 13 ham lugng
ion kim loai bi hap phu (mg/g) & trang théi can bang, C, va Ce
la néng dé ban dau va néng do can bang (mg/L) tuong Ung.
V 13 thé tich dung dich (L) va m 1a khéi luong (g) cla vat liéu
hap phu dugc st dung.
3. KET QUA VA THAO LUAN
3.1. Dic trung vat liéu bing XRD va anh SEM

Phuang phap nhiéu xa tia X la mot trong nhiing
phuang phap thudng dugc sir dung dé nhan dang cau tric
va do tinh thé cta vat liéu. N6 con cho phép tinh toan kich
thudc hat va phan tich ban dinh lugng ham lugng cac chat
cé trong vat liéu. Két qua phan tich bang nhiéu xa tia X
dugc thé hién trén hinh 1.

30+ =
ol — MnFe, 0O,

25+

g 20

20 30 40 50 60 70 80
20/ do6

Hinh 1. Gian d6 XRD cua vat liéu MnFe;0,

TU hinh 1 cho thdy, mau chudn bi hoan toan bao gém
chét rdn MnFe,QO, tinh thé nano t6t. That vay, mau XRD
chdia tdm dudng sdc nét trung véi di liéu chudn cha pha
spinel mangan ferit (Jacobsite) lap phuong (thé JCPDS sé
75-0034) [27]. Cac dinh nhiéu xa & 260 thu dugc 1an lugt &
29,7; 35,0; 36,3; 42,5; 52,8; 56,4; 61,7 va 73,0 tuang Ung cho
mat phang tinh thé clia spinen mangan ferit 1a (220), (311),
(222), (400), (422), (511), (440) va (531). Trén thuc t€, mau
XRD khéng chtra cac cuc dai phu d6i vai bat ky tap chat nao
cho thay su hinh thanh mangan ferit & dang don pha.

3.2. Dic trung cac vat liéu bang anh SEM

DPé quan sat dugc hinh thai hoc bé mat cda vat liéu,
chung t6i tién hanh khao sat vat liéu MnFe,04 qua &nh hién
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vi dién ti quét SEM & cac doé phong dai la 2um va 500nm.
Két qua hién trén hinh 2.

- &

IMS-NKL 5.0kV 5.2mm x20.0k SE(M)

2.00um

IMS-NKL 5.0k 5.2mm x100k SE(M)

Hinh 2. Anh SEM ctia vt liéu MnFe,0,

Tu hinh 2 cho thay sy hinh thanh cla chat ran két tu
nhiéu hat véi cac tinh thé nhé rdi rac ¢ hinh dang tuong tu
nhu céc hat cau, c6 cau trdc ré rang, tuong déi dong déu,
véi duang kinh trong khodng 10nm < d < 55nm.

3.3. Dac trung bing phuong phap dang nhiét hap phu -
giai hap phu BET

Kha nang hap phu bé mat clia cac hat nano MnFe,0,
dugc xac dinh bang ky thuat dién tich bé mat Brunauer -
Emmett - Teller (BET) st dung cac nghién ctu hap phu/giai
hdp N, va phan b6é mao quan trung binh theo BJH clng
dugc thé hién Ian lugt trong hinh 3a va 3b.
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Hinh 3. Gian do hap phu - gidi hap N, (a) va phan bo mao quan (b) cla
MnFe,0,

Tu dudng dang nhiét hdp phu/giadi hdp nito cla
mangan ferit & hinh 3, c6 thé thay day la dudng cong déng
nhiét thuéc loai lll theo phan loai IUPAC. Dién tich bé mat
riéng tinh theo mé hinh BET la 21,40m*g™". Bén canh do, tu
hinh 3b cho thdy vat, liéu c6 cdu trdc da mao quan, phan
b6 rong, pic tap trung trong khoang 1,5 dén 50nm phu hgp
vGi nhan dinh khi quan sat anh SEM va xuat hién cac ving
mao quan Ién ¢6 dinh pic & 151,3nm. Mat khac, duong kinh
da mao quan nén thé tich 16 tréng khac nhau phu hgp cho
qua trinh hap phu cac phan tt co kich thudc khac nhau. Tu
d6, du kién rdng dién tich bé mat cao clla MnFe,0, ¢ thé
tdng cudng cac dac tinh cda xdc tac, hap phu tét nhiing
phan t& nhé cing nhu nhiing phan tir c6 cau truc céng
kénh nhu phdm nhudm va ngay ca kim loai nang [28].

3.4. Kha nang loai bé Cr (lll) trong nuéc cia MnFe,0,

3.4.1. Anh huéng cia liéu luong chét hép phu
100
95-

90-

0,20 0,30
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™
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o
[=]
>
L}

—=— MnFe,0,

Hiéu suéat (%)
D OO N N 0
o o O o1 ©
o
o
N o
L] k=)
=
|

)]
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1

0,30

(o]
o

000 005 010 015 020 025

Liéu lwong chat hap phu (g/100 mL)

Hinh 4. Anh huéng cda liéu luong t6i hiéu suat hap phu

Mot trong nhiing théng s6 quan trong nhat dé loai bé
kim loai nhanh chéng va hiéu qua la kich thudc va lugng
chat hap phu phai dugc t6i uu héa. Liéu lugng chat hap
phu la mét thong s6 quan trong trong nghién cdu hap phu
vi né quyét dinh kha ndng cla chat hap phu d6i véi mét
néng d6 ban dau nhat dinh cta dung dich crom. Do d6,
ching t6i khdo sat anh hudéng cta khéi lugng hat nano
MnFe,0, dén phan tram Cr (lll) bi hdp phu tr moi trudng
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nudc trong khodng khéi lugng chat hap phu la 0,02 -
0,309/100mL, & néng dd Cr (lll) la 20mg/L, gia tri pH = 5 [29]
va nhiét d6 25°C, két qua thé hién & hinh 4.

Tu hinh 4 cho thay, trong khoang 0,02 - 0,08g hiéu suat
hap phu Cr (lll) tdng tuong déi nhanh (ti 65,7 - 91,2%) va
dan 6n dinh (92,1 - 93,9%) trong khodng khdéi lugng 0,08 -
0,30g. Chung téi cho rang, kha nang hap phu gidam la do
cac vi tri con lai da bao hoa trong qua trinh hap phu. Mat
khac, su gia tang ty 1& phan tram hap phu cta cac ion Cr (Il)
nay c6 thé 1a do su gia tang cac vi tri hdp phu vé phia cac
ion kim loai va dién tich bé mat cta chat hap phu [30]. Tuy
nhién, dén mot gia tri nhat dinh hiéu qua hap phu la cuc
dai thi viéc tang liéu lugng chat hdp phu khong con y
nghia, do vay chdng t6i chon liéu lugng chat hap phu la
0,08g dé st dung cho nghién ctu tiép theo.

3.4.2. Mé hinh dang nhiét Langmuir

Mé hinh dudng dadng nhiét Langmuir dugc dung dé
danh gia kha nang hap phu t6i da trén bé mat don I6p clia
vat liéu MnFe,0,, theo phuong trinh: &ZLJr !

de AmaxKi O
(3). Trong d6, g. (mg/q) la lugng chat tan bi hap phu tai thoi
diém can bang clia méi thi nghiém, gmax (Mg/g) 1a luong
chat tan bi hdp phu cuc dai Ging véi trudng hagp tat ca cac
tam trén bé mat chat hap phu da bi chiém, K. la hang s6
hdp phu Langmuir (L/mg), Ce la ndbng d6 chat bi hap phu
trong pha 16ng tai thai diém can bang (mg/L).

Su tuong thich ctia mé hinh Langmuir thudng dugc
danh gia théng qua hang sé phan tach khong thi nguyén
R [31] nhu phuong trinh: g =1 (4). Néu: Ry < 1 thi

1+C, K,

mo hinh tuong thich; R, = 0 thi mé hinh tuyén tinh; R, > 1
thi khéng tuong thich. Va dua vao mé hinh ddng nhiét
Langmuir c6 thé xac dinh dugc khd ndng hap phu téi da
(Qmax) trén bé mat don I6p cda vat liéu. Nhu vay, bé mat
chat hdp phu sé dat dén diém bao hoa tai d6 muic hap phu
cuc dai dat dugc. Khi 4p dung phuang trinh tuyén tinh cda
m6 hinh ddng nhiét Langmuir dugc dua ra béi cong thic
(3), thi d6 thi tuyén tinh da thu dugc thé hién & hinh 5.

.C

e

2.0
1.8+

y =0,0447.x + 0,3434; RZ = 0,995 -

1.6
Ky 1.4
;,1.2A
}1.0A

0.8

0.6

0.4+

Cr (I

T T T 1

0 5 10 15 20 25 30 35 40
Ce (mg/L)
Hinh 5. Do thi duting déng nhiét Langmuir
Tu hinh 5 cho thdy, mé hinh hdp phu ding nhiét
Langmuir mé ta tuong d6i chinh xac su hdap phu Cr (lll) trén
vat liéu MnFe,0, thong qua hé sé xac dinh cta qua trinh
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hoi quy 1a R* = 0,995. TU phan tich héi quy trén ta tinh dugc
dung lugng hap phu cuc dai va hang sé hap phu K. caa Cr
(). Sau khi xac dinh dugc hang s6 hap phu Ky, dé xac dinh
qua trinh hap phu ion kim loai trén vat liéu MnFe,0, c6 phu
hgp véi dang hap phu don I16p theo mé ta ciia mé hinh
Langmuir hay khéng, tham sé can bang R, dugc tinh toan
va phan tich dua trén céng thic (4) thu dugc két qua thé
hién nhu trong bang 1.

Bang 1. Cac thong s6 md hinh Langmuir doi véi qua trinh hap phu Cr (lll)
trén MnFe,04

M@ hinh Théng s6 Don vi Gia tri
Qmax mg/q 22,37
) K L/mg 65,17
Langmuir
R? - 0,995
R - 0,00031 -+ 0,00306

Tu két qua & bang 1 cho thady, di liéu hdp phu phu hop
v6i mé hinh Langmuir, dung lugng hdp phu cuc dai tinh
theo mo6 hinh nay la 22,37mg/g va gia tri R nam trong
khoang 0 < R < 1 nén qua trinh hdp phu la thuan lgi [26].

3.4.3. Mé hinh ddng nhiét Freundlich

DPang nhiét Freundlich: mé hinh hdp phu ding nhiét
Freundlich dua trén lién quan thuc nghiém hap phu cua
chdt bi hadp phu trén bé mat di thé. Phuang trinh
Freundlich dang tuyén tinh dugc dién ta qua phuong trinh

5[32]. Inq, =l.lnCe+InKF (5). Trong do, C. (mg/L) la ndng
n

do tai thoi diém can bang va ge (mg/g) 1a lugng ion kim loai
bi hap phu trén mot don vi khoi lugng vat liéu hap phu.
Hang s6 n la s6 ma trong phuong trinh Freundlich, dac
trung cho tinh khéng déng nhat vé nang lugng ctia bé mat
hdp phu. Hé s6 1/n la hé s6 khong dong nhat va n 1a s6 do
d6 léch so véi tuyén tinh clia sy hap phu, gia tri ciia n6 cho
biét muc d6 khong tuyén tinh gitta ndbng d6 dung dich va
chat hap phu nhu sau: néu gia tri cia n = 1 thi su hdp phu la
tuyén tinh; néu n < 1 thi qua trinh hap phu la héa hoc; con
néu n > 1 thi qua trinh hap phu la qua trinh vat ly va thuan
Igi [33]. Ke la hang s6 Freundlich dé chi kha nang hap phu
tuong doi clia cac vat liéu hap phu. Dé thi ctia phuong trinh
dang nhiét Freundlich dugc biéu thi trén hinh 6 va cac
théng s6 clia dudng dang nhiét dugc dua ra trong bang 2.

3.0
2.8
2.6
241

§2.2-

3 50
1.8
1.6
144
1.2

y = 0,5078.x + 1,2247; R2 = 0,928

= Crl

05 10 15 20 25 30 35 40
LHCe
Hinh 6. D thi dudng dang nhiét Freundlich
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Bang 2. Céc thong s6 md hinh Freundlich d6i véi qua trinh hap phu Cr (Ill)
trén MnFe,04

Bang 3. Céc thong s6 mo hinh Dubinin - Radushkevich d6i véi qua trinh hap
phu Cr (Ill) trén MnFe,0,

Mé hinh Théng sé Don vi Gia tri Mé hinh Thong sé Don vi Gia tri

n 1,969 Qmax mg/g 15,672

Freundlich Kr L/g 3,403 Dubinin - 3 kJ/mol 0,610
R i 0,928 Radushkevich B molY/)? -1,345

Tur két qua & bang 2 cho thay, gia tri thu dugc n > 1 (tuc R - 0,923

1/n < 1) cho ta thdy mé hinh ddng nhiét Freundlich 1a phu
hgp vai qua trinh hap phu cda Cr (lll) trén vat liéu nano
MnFe,0, va hap phu trong diéu kién bé mat hat khéng
déng nhat.

3.4.4. Mé hinh dang nhiét Dubinin- Radushkevich

Mé hinh d&ng nhiét Dubinin - Radushkevich (D - R) [34]
Id mé hinh thuc nghiém dugc dung dé xac dinh ban chat
cla qua trinh hap phu (vat ly hodc hoa hoc). Dang tuyén
tinh cia mo hinh D-R dugc trinh bay nhu phuong trinh sau
day:Inq, =Inq, — B.€* (6). Trong d6, g. (mg/q) la luong
ion kim loai bi hap phu trén mot don vi khoi lugng vat liéu
hap phu MnFe;0,, g (Mg/g) la khd ndng hap phu t6i da
(mg/g), B la hang s6 clia nang lugng hap phu (mol%/J?), c6
lién quan dén nang lugng trung binh clia méi mol chat hap
phu trén mot mol chat bi hdp phu va € la thé Polanyi, dugc

mo td nhu sau: €e=R.TIn(1 +CL) (7). Trong d6 T la nhiét
d6 dung dich (K) va R la hang sé khi va bang 8.314.10°
3kJ/mol.K. Gia tri ctia nang lugng hap phu trung binh E
(kJ/mol), c6 thé dugc tinh toan ti D-R theo tham s6 B nhu

L.
[_2[3

Pugc biét, do 16n clia E cung cdp thong tin vé loai qua
trinh hap phu: néu gia tri E nhé hon 8kJ/mol thi qua trinh
hap phu la hdp phu vat ly, gia tri E trong khoang
8 - 16kJ/mol 1a qua trinh trao d&i ion va néu gia tri
E > 16kJ/mol la qua trinh hap phu héa hoc [33, 35]. D6 thi
dudng dang nhiét Dubinin - Radushkevich dugc trinh bay &
hinh 7 va céac théng sé dudng dang nhiét dugc cho trong
bang 3.

sau: E=

3.0
2.8
2.6
2.4

& 2.2

3 50/
1.8
1.6
1.4

1.2 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.0 0.2 0.4 0.6 0.8 1.0 1.2

€2
Hinh 7. D6 thi dutng dang nhiét Dubinin - Radushkevich

y =2,7519 - 1,3449.x; R2 = 0,923

= Cr(l)
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Tu bang 3 cho thay, Gia tri E tinh dugc cho qua trinh hap
phu Cr (lll) trén vat liéu MnFe,04la 0,610kJ/mol < 8kJ/mol,
c6 nghia la qua trinh hdp phu cac ion Cr (lll) trén vat liéu
MnFe,04la hap phu vat ly.

Tu két qua dung luong hap phu (qmay) & trén (muc 3.4.2),
chung t6i dem so sanh véi mét sé cong trinh da dugc cong
b6 trudc day khi st dung cac chat hap phu khac nhau dé
hap phu ion Cr (lll), két qua dugc thé hién & bang 4.

Bang 4. So sanh kha nang hap phu Cr (Ill) véi mdt s6 nghién ciiu trude day

Dung lugng Tai liéu
L Chét hap phu happhu | pH | tham
(mg/g) khao
1 | Nano-magnetic (n\MFO) 34,84 5,0 [24]
2 | Carbon nanotubes (M-CNTs) 0,50 7,0 [36]
3 | Jackfruit peel 13,50 4-5 (37]
4 |Sludge 20,00 55 [38]
5 | Biochar/nanosized zero-valent iron 28,89 40 [39]
6 |Copper-Based Nanoparticles (Cu/TEG) 19,10 7,0 [40]
7 rCnoigﬁ)TeEréI?ased Nanoparticles (Cu- 13,50 7,0 [40]
Ay [on Nghién
8 | Vat liéu nano MnFe,0, 22,37 5,0 o
cliu nay

Qua bang 4 cho thdy, kha nang hap phu Cr (lll) trong
dung dich nuéc clla cac hat nano MnFe;O, ma ching toi
téng hgp dugc la dang chu y so véi cac chat hap phu da
dugc cong bé trudc day. Do d6, cac hat nano MnFe,0, c6 thé
la mét vat liéu day hia hen dugc st dung trong hap phu. Bai
cac hat nano MnFe,0, khi da nap cac ion Cr (lll) c6 thé dugc
tai sinh, sau lan tai sinh thi tu, né c6 thé dugc lam kho va st
dung trong xay dung, x{ ly an toan va tiét kiém [41].

4, KET LUAN

Céac hat nano ferit mangan da dugc téng hgp béng
phuong phap thuy nhiét & nhiét dé 190°C trong vong 12
gio, vai ky thuat dong két tha dugc st dung. Phan tich XRD
da ching minh su phat trién theo cdu truc spinel clia cac
hat nano. Két qua SEM va BET cho thay cac hat ferit tuong
tu nhu cac hat cau, dugc phan bé kha dong nhat, kich
thudc hat trung binh ctia mau vao khoang 18,25nm va cé
dién tich bé mat Sger = 21,40m?/g. Cac hat nano MnFe,0,
nay da dugc nghién ctu dé hap phu Cr (lll) trong dung dich
nudc. Két qua cho thay, qua trinh hap phu cta ion Cr (lll)
trén vat liéu MnFe,0, t8ng hgp dugc tuan theo ca ba mé
hinh hdp phu dang nhiét Ia Freundlich, Langmuir va
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Dubinin- Radushkevich. lon Cr (lll) hdp phu dan 16p trén céac
hat nano véi bé mat hat khéng déng nhat va qua trinh hap
phu la hap phu vat ly
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