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SUMMARY

SYNTHESIS OF MnFe,O, NANOPARTICLES AND THE ABILITY TO REMOVE Pb*
FROM AQUEOQOUS SOLUTION

In the present paper, nanosized manganese ferrite material was synthesized by the hydrothermal method.
The size and microstructure of MnFe,O4 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
Pb?* using a new magnetic adsorbent was investigated. The adsorption characteristic and Pb** removal
efficiency of the adsorbent were determined by investigating the influence of operating variables such as
dosage of manganese ferrite. The maximum Pb?* sorption capacity was found to be 7.32 (mg/g) and
obtained using 0.5 g/L MnFe,0, at pH 5, temperature of 25 °C, and contact time as 24 h. The Langmuir and

Freundlich models were used to fit the experimental data and these showed good correlations.

Keywords: Nanosized MnFe,O,, adsorption, Pb?*, Langmuir and Freundlich models.

1. MO PAU

Tir thé ky trude, qua trinh cong nghiép hoéa ngay
cang manh mé da giy ap luc 16n 1€n modi truong.
Luyén kim, duc thép, xi mang, d6t rac, bao dudng 6
t0, qua trinh loc dau va san xuét pin da tao ra mot
lwong 16n chi (Pb), gdy 6 nhiém nudc. Pb 1a mot
nguyén tb ddc va co6 hai, trong lugng phan ti cao,
va trong sb cac kim loai ning thi n6 ¢ sy phan bd
nhiéu nhit trén toan cdu. Gan day, 6 nhiém Pb
trong ngudn nudc da trd thanh mot van dé cp bach
& cac nudc dang phat trién [1]. Vi vay, loai bo Pb ra
khéi nguén nudc 1a mot nhiém vu quan trong va
can thiét dé dam bao tinh mang va strc khoe ciia
con nguoi. Trong nhiing nim gan day, nhidu k¥
thuat da dugc phat trién dé loai bo Pb khoi nude
thai, chang han nhu trao doi ion, quy trinh mang,
két tiia hoa hoc, loc va hip phu [2], ... Trong sb cac
phuong phap nay, hap phu 1a mot trong nhiing cong

nghé loai bo phd bién nhit va di thu hat dugc sy
cht ¥ rong rdi do uu diém cua no 1a chi phi thap,
quy trinh don gian va hiéu qua loai bo cao. Nhiéu
chét hép phu da duoc st dung dé loai bo kim loai
ning khoi dung dich nudc. Cac chét hap phu truyén
thong co6 thé khong duge wa chudng do chi phi san
xuét va tai sinh cao, trong khi vét liéu co kich thudc
nano 1 vat liéu hiéu qua dé loai bé Pb khoi nude va
d3 dwoc chi y rong rai [3]. Qua trinh téng hop hat
nano da thu hut duoc nhiéu sy cha y do dién tich bé
mit cao, tinh chét dién va tir din dén tiém nang hép
phu tuyét voi. Gan day, cac hat nano oxid kim loai
da thu hat nhiéu sy chu y trong viéc loai bd cac kim
loai nang, cac chat 6 nhi®m hitu co va vo co khoi
nguén nudc, chéng han nhu alumin, hat nano oxid
sit, hat nano oxid mangan [4],...... Bén canh do,
cac hat nano mangan ferit (MnFe,O,4) 1a mot spinel
dao mot phan véi khoang 80% cac ion Mn?* ndm &
vi tri tor dién, trong khi chi c6 20% trong ) chung



ndm & vi tri bat dién, dién tich bé mit cao, tir tinh
¢6 thé diéu chinh dugc, nén c6 nhiéu ung dung,
chang han nhu thiét bi ghi am, luu trir thong tin,
thiét bj dién tir, phan phdi thudc, hap phuy, cam bién
sinh hoc, cong nghé MRI va xdc tac [5]. Théng
thuong, cac phuong phap téng hop hat nano ferit bao
gdm phuong phap gém, dong két tua, sol-gel, say
phun va phuong phap thity nhiét nhiét do va ap suit.
Phwong phap thity nhiét ¢6 thé tao ra cac hat nhé hon
nhiéu, ch?mg han nhu cum, phan tir, ion va nguyén tur
[6]. Vi vay, trong bai bao nay chdng t6i dé cap dén
cac két qua nghién ctru sy hip phu ion Pb** trong
dung dich nuéce trén vat liu MnFe,0, co kich thude
nano dugc tong hop bang phuong phap thuy nhiét.

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chit va thiét bi

Céc hoa chat sir dung trong nghién ctru 13 cac héa
chat tinh khiét dugc mua tir Hing Merck, Dirc gom:
FeCl;.6H,0, MnCl,.4H,0, NaOH, Pb(NO,),,
HNO;, CH;COOH. Ethanol (C,HsOH) dugc mua
tir Hing Guangzhou, Trung Quéc. Nudc cat hai lan
(cit trén thiét bi cit nuéc Fistream Cyclon,
England) duoc sir dung dé pha ché hoa chat va
trang, rira cac dung cu thay tinh. Cdc thity tinh chiu
nhi¢t 100 mL, 200 mL, 250 mL, 500 mL,
micropipet cac loai, cn phan tich, may khudy tir
gia nhiét, cbi chay mi ndo, 16 nung, ti sy, binh
thuy nhiét (bd Autoclave).

Vit liéu téng hop duoc nghién ciru biang céc
phuong phap vat Iy hién dai nhu: Ciu trac va do
tinh thé cua vat liéu nhan dang boi sy nhidu xa tia
X (XRD) do trén may D8-Advance, Brucker véi tia
phat xa CuK, ¢6 budc song A = 1,5406 A, cong suit
40 KV, goc quét 20° dén 80°. Hinh thai cua san
phim quan sat bang kinh hién vi dién tr quét
(SEM) duoc thuc hién trén SEM-JEOL-JSM 5410
LV (Nhat) & 10 kV. Dién tich bé mat riéng dugc
xé4c dinh bang duong ding nhiét hip phu-giai hip
nito su dung Micromeritics Tristar 3000, noi cac
mau trude d6 da dugc khir khi & 120 °C trong 12
gid, tién hanh gia nhiét tir 120 dén 180 °C vo&i
thoi gian thay doi trong khoang 6-12 gio.

2.2. Téng hep MnFe,0,

Cho 0,693 g MnCl,.4H,0 va 1,892 g FeCl;.6H,0
vao mdt coe thuy tinh 250 mL, thém 180 mL nudc

cit, dung may khudy tir khudy déu thu duoc dung
dich A. Hoa tan 1,400 g NaOH vao 20 mL nudc

cét, sau d6 nho ting giot dung dich NaOH vao binh
chira dung dich A tiép tuc khudy déu bang may
khudy tir, gitt dung dich ¢ nhiét do phong trong thoi
gian 15 phat, xuit hién két tia mau nau den (B).
Cho hdn hop B vio binh teflon 250 mL ddy nép rdi
dua vao bd Autoclave, van chat va dé vao 16 nung.
Tién hanh gia nhiét & nhiét d6 180 °C véi thoi gian
12 gio [7], sau d6 dé ngudi binh thuy nhiét dén
nhiét ¢ phong, thu dugc dung dich chira két tia va
cac chit hoa tan. Gan lay két tia rdi rira bing
ethanol va nudc cat nhiéu lan dén pH =~ 7. Cudi
cling san pham dugc say kho & 60 °C trong vong 12
gio, nghién min ta duoc vat liéu nano MnFe,0,.

2.3. Nghién ctru kha niing hip phu Pb®* trén vat
liéu MnFe,O,

Dé khao sat kha niang hép phu Pb®* cua vat lidu
MnFe,Q,, chiing toi sir dung phuong phap hap phu
tinh. Cho 100 mL dung dich chira Pb?* v6i ndng do
ban diu khac nhau tir 5, 10, 20, 30, 40 va 50 mg/L
vao binh tam giac da c¢6 chira 0,5 gam vat liéu
MnFe,O,. Qua trinh hip phu duoc tién hanh trong
cac didu kién: pH = 5 [8], tbc d6 khudy la 240
rpm, thoi gian khudy 24 gid va ¢ nhiét d6 phong
khoang 28 °C [9]. Sau khoang thoi gian 24 gid,
cac mau duoc loc dé thu léy dich loc. Néng d6 cua
ion kim loai trong dung dich loc dugc xac dinh
bang may quang phd hdp thu nguyén tor (AA-
.7000-Shimadzu). Tat ca cac thi nghién duogc lap
lai 3 1an va lay két qua trung binh cong.

Ham luong Pb®* bi hip phu (milligram) trong mdi
gram vat li€u dugc xac dinh bé‘mg cach sir dung
phuong trinh can bang khdi lugng sau day [10]:

q= Gy —Co)xv. (1) va hiéu suat hip phu duoc
m

tinh bang cong thuc: H% = M x100 (2).
(o]

Trong d6, q 1a ham luong ion kim loai bi hap phu

(mg/g) & trang thai can béng, CovaCgla néng do

ban dau va ndng d6 can bang (mg/L) tuong tng. V

1a thé tich dung dich (L) va m 1a khéi lugng (g) cua

vt liéu hap phu duoc sir dung.

3. KET QUA VA THAO LUAN
3.1. Piic trung cAu tric vat liéu

Phuong phap nhidu xa tia X 1a mot trong nhiing
phuong phap thuong dugc sir dung dé nhan dang cu



trac va d¢ tinh thé ctia vat liéu. N6 con cho phép tinh
toan kich thudc hat va phan tich ban dinh lugng ham
luong cac chit ¢6 trong vét liéu. Két qua phan tich
b?mg nhidu xa tia X duoc thé hién trén hinh 1.
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Hinh 1. Gidn dé XRD ciia vét liéu MnFe,O,

Tir hinh 1 cho thiy, mau chuan bi hoan toan bao
gém chit rin MnFe,O, tinh thé nano tbt. That vay,

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

mau XRD chira tim dudng sic nét trung véi dir
liu chuén cua pha spinel mangan ferit (Jacobsite)
lap phwong (th¢ JCPDS sb 75-0034) [11]. Céc
dinh nhiéu xa ¢ 26 thu duoc 1an luot & 30,2; 35,6;
36,7; 43,3; 53,7; 57,2; 62,8 va 75,3 tuong tng cho
mit phing tinh thé cua spinen mangan ferit 13
(220), (311), (222), (400), (422), (511), (440) va
(531). Trén thyc té, mau XRD khong chira cic cuc
dai phu ddi véi bat ky tap chit nao cho thiy su
hinh thanh mangan ferit & dang don pha.

3.2. Pac trung hinh thai cia vt liéu

Dé quan sat dugc hinh thai hoc bé mit ciia vét lidu,
chiing t6i tién hanh khao sat vét liéu MnFe,0, qua
anh hién vi dién tir quét SEM véi thang do 2 pm va
500 nm, két qua hién trén hinh 2.

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

Hinh 2. Anh SEM ciia vdt liéu MnFe,Q, ¢ cdc thang do khdc nhau 2 pym (&) va 500 nm (b)

Tt hinh 2 cho thdy sy hinh thanh cta chét rin
Xép két tu nhiu hat v6i cac tinh thé nhé roi rac
c6 hinh dang twong ty nhu cac hat clu, co cau
tric ro rang, twong dbi dong déu, voi duong kinh
trong khoang 20 nm < d < 60 nm.

3.3. Pic trung bing phwong phap ding nhiét
hip phu - gidi hip phu BET
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Khi ning hip phu bé mit cia cic hat nano
MnFe,0, dugc xac dinh bang k¥ thuat dién tich bé
mat Brunauer — Emmett — Teller (BET) st dung
cac nghién ctru hap phy / giai hap N, va duoc thé
hién ¢ hinh 3.
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Hinh 3. a) Gian dé hdp phu - gidi hap N, ciia MnFe,Qy, b) Puong hap phu tuyén tinh BET ciia MnFe,0,
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Tir hinh 3 (a) cho thiy, duong déng nhiét hap phy -
khir hap phu vat 1y nito cia mau MnFe,O, theo sy
phén loai cia IUPAC la thudc loai IIl. Dé tinh dién
tich bé miat cia MnFe,O,, chung toi di sir dung
phuong phap Brunauer-Emmett-Teller (BET) dé
xdy duyng duong tuyén tinh 1/[Q(P,/P - 1)] theo
P/P, (hinh 3 b). Tir cac gia tri d6 dbc (c-1)/QuC Vva
diém cit truc tung 1/Qmc tinh dugc dién tich bé mat
riéng Sger = QmNaS/V = 19,23 m?/g. Trong cac
phuong trinh néu trén, Q va Qy 1a thé tich khi hép
phy, ¢ 13 hing s6 BET, N la s6 Avogadro, S la
dién tich hinh chiéu cia mot phan tir N, hap phu va
V la thé tich cia mot mol N,. Diéu nay ching to vat
lidu MnFe,0, tong hop duoc co kha ning hap phu
rat tot nhimg phéan tir nho ciing nhu nhing phan tir
cong kénh nhu phim nhuém va ngay ca kim loai
nang [12].

3.4. Kha niing hip phu ion chi trong nuéc ciia
cac hat nano MnFe,0,

3.4.1. Anh hudng cia liéu lwong chat hap phu

Mot trong nhitng thong sb quan trong nhat dé loai
bo kim loai nhanh chéong va hi¢u qua 1a kich thudc
va lugng chéat hip phu phai dugc t6i wu hoa. Lidu
luong chat hap phu 1a mot thong sé quan trong
trong nghién ctru hip phu vi né quyét dinh kha
ning cua chat hip phu ddi v6i mot ndng do ban dau
nhét dinh cua dung dich chi. Do d9, chiing t6i khao
sat anh hudng cia khéi luong hat nano MnFe,0,
dén phan trim Pb?* bi hép phu tir mdi trudng nude
trong khoang khdi luong chat hap phy 1a 0,1 — 0,7
/100 mL, & ndng d6 Pb?" 1a 20 mg/L, gié tri pH =
5 va nhiét d 25 ° C, két qua thé hién o hinh 4.
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Hinh 4. Anh hwomg ciia liéu hrong t6i hiéu sudt
hép phu
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Tt hinh 4 cho théy, trong khoang 0,1- 0,5 g hi¢u
suat hap phu Pb®* ting twong dbi nhanh va din 6n
dinh trong khoang khdi lugng 0,5 — 0,7 g. Kha ning
hap phu giam 1a do cac vi tri con lai da bdo hoa
trong qua trinh hap phu. Mit khac, sy gia ting ty 18
phin trim hdp phu ciia cac ion Pb* nay c6 thé 1a do
su gia ting cac vi tri hip phu vé phia cac ion kim
loai va dién tich bé mit ctia chat hap phuy [13], [22].
Tuy nhién dén mot gia tri nhét dinh hiéu qua hép
phu 13 cuc dai thi viéc tang liéu lugng chat hip phu
khong con ¥ nghia, do vy ching t6i chon liéu
luong chat hap phu 14 0,5 g dé sir dung cho nghién
ctru tiép theo.

3.4.2. M6 hinh dang nhiét Langmuir v Freundlich

Mo hinh duong dang nhiét Langmuir duoc dung dé
danh gia kha ning hap phu t6i da trén bé mat don
16p cua vat ligu MnFe,O,4 theo phuong trinh:

Ceo_ 1 1 ¢ @ Trongds g (myig)

qe qmax'KL qmax

1a Iwgng chat tan bi hap phu tai thoi diém can bang
clia mdi thi nghiém, qmax (Mg/g) 12 lugng chét tan bi
hép phu cuc dai tng voi trudng hop tit ca cac tim
trén bé mit chét hép phu da bi chiém, K 1a héng )
hdp phy Langmuir (L/mg), C. la ndng do chét bi
hip phu trong pha long tai thoi diém cin bang
(mg/L). Nhu vdy, bé mat chat hap phu s& dat dén
diém bao hoa tai d6 mirc hép phu cuc dai dat dugc.
Khi 4p dung phuong trinh tuyén tinh cia mé hinh
dang nhiét Langmuir duoc dua ra boi cong thirc
(3), thi db thi tuyén tinh d& thu dwoc thé hién & hinh
5 (2). Su twong thich ciia mé hinh Langmuir thuong
duoc danh gia thong qua hang s6 phan tach khong

tht nguyén R;, [14] nhu phuong trinh:
R =— L (4).Néuw Ry_<1 thi m hinh tuong
1+C, K,

thich; R = 0 thi mé hinh tuyén tinh; R_ > 1 thi
khong twong thich. VA dya vao mo hinh ddng nhiét
Langmuir c6 thé xac dinh duoc kha ning hap phuy t6i
da (qmax) trén bé mat don 16p cuia vat ligu.

Tir hinh 5 (a) cho thdy, mo hinh hap phu déng nhiét
Langmuir md ta tuong ddi chinh xac sy hip phu
Pb? trén vat liéu MnFe,O, thong qua hé s xac
dinh ctia qua trinh hoi quy 1a R? = 0,969. Tir phan
tich hdi quy trén ta tinh dugc dung lwong hip phu
cuc dai va hing s6 hép phu K, cia Pb*. Sau khi
xac dinh duogc hﬁng s6 hép phu K, dé xac dinh qua
trinh hép phu ion kim loai trén vt 1liéu MnFe,0,4 ¢



phi hop véi dang hap phu don 16p theo mé ta cua
mo hinh Langmuir hay khong, tham s can bang R
duoc tinh todn va phan tich. Tham s6 R, duoc tinh

| @) y=021368x+0,1234;R2=0,996
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dua trén cong thirc (4) thu dugc két qua thé hién
nhu trong bang 1.

204 b)

y=0,5227.x + 1,7187, RZ2= 0,936
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Hinh 5. @) D6 thi dwong ding nhiét Langmuir, b) Pé thi dwong ding nhiét Freundlich

Ding nhiét Freundlich: mé hinh hip phu dang nhiét
Freundlich dua trén lién quan thyc nghiém hap phu
cuia chét bi hép phu trén bé mit dj thé. Phuong trinh
Freundlich dang tuyén tinh dugc dién ta qua

phuong trinh 5 [15]. Inq, = l InC, +In K¢ (5).
n

Trong d6, C, (mg/L) 1a ndng do tai thoi diém can
bang va q. (mg/g) 1a lugng ion kim loai bi hip phu
trén mot don vi khdi luong vat liéu hép phu. Héng
s6 n 1a sb mil trong phuong trinh Freundlich, dic
trung cho tinh khong dong nhit vé ning lugng cia

bé mat hap phu. Hé s6 1/n 1a hé s6 khong dong nhat
va n la s6 do do léch so véi tuyén tinh cua su hép
phu, gia tri ciia n6 cho biét mirc d6 khong tuyén
tinh giita nong d¢ dung dich va chit hip phu nhu
sau: néu gia tri cia n = 1 thi sy hdp phu la tuyén
tinh; néu n < 1 thi qua trinh hip phu 1a hoa hoc; con
néu n > 1 thi qua trinh hip phy 1a qua trinh vat ly
va thuan loi. K¢ 14 hing s6 Freundlich dé chi kha
nang héip phu tuong ddi cua cac vat liéu hép phu.
Pd thi cua phuong trinh ding nhiét Freundlich
duogc biéu thi trén hinh 5 (b) va cac thong sb cia
duong dang nhiét dugc dua ra trong bang 1.

Bang 1. Céc théng sé mé hinh Langmuir va Freundlich doi v6i qud trinh hip phy Pb" trén MnFe,O,

Céc thong s6 cta hai mo hinh Langmuir va Freundlich
M6 hinh Omax K. i K. =2 R
(mg/g)
Langmuir 7,32 59,281 - - 0,992 0,018 < R;<0,153
Freundlich - - 1,912 5,83 | 0,936 -

Tir két qua & bang 1 cho thiy, dir liéu hip phu phu
hop v6i mod hinh Langmuir, dung lugng hap phu cuc
dai tinh theo m6 hinh nay 1a 7,32 mg/g va gia tri R,
nim trong khoang 0 < R, < 1 nén qu4 trinh hip phu
la thuén lgi [10]. Bén canh d6, gia tri thu dugc n> 1
(tic 1/n < 1) cho ta thdy mo hinh ding nhiét
Freundlich 14 phit hop vé6i qua trinh hip phu cia Pb®
trén vat liéu MnFe,0, va hip phu trong diéu kién bé
mit hat khong dong nhat. Bén canh d6, hé sb tuong
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quan dat dwoc tir mé hinh Freundlich la R* = 0,936
nho hon hé s6 twong quan tir md hinh Langmuir (R
= 0,992). Diéu nay cho thiy ring mo hinh
Langmuir pht hop hon véi dit liéu hip phu Pb*
trén vat li€u MnFe,0,.

Tir két qua dung luong hap phu (Qmayx) O trén, ching
t6i dem so sanh véi mot s cong trinh da duge cong
bb trude day khi sir dung cac chat hip phu khac
nhau dé hip phu ion Pb?, két qua dugc thé hién &
bang 2.



Bdng 2. So sanh kha nang hdap phu Pb** véi mét sé nghién ciru treée day

o Dung lugng Thoi gian Tai liéu
TT Chat hap phu ) pH
hap phu (mg/g) (gio) tham khao

1 | Graphene oxide 6,00 50 2 [8]

2 | Manganese oxide—coated sand 1,34 4,3 24 [9]

3 | Iron-coated sand 1,21 6,0 3 [16]

4 | Montmorillonite 10,40 6,0 24 [17]

5 | Goethite 11,04 6,0 24 [17]

6 | Green reduced graphene oxide 6,95 4,5 15 [18]

7 | Oxidized MWCNTSs 2,05 6,0 36 [19]

8 | Carbon nanotubes 12,41 5,0 6 [20]

9 | Vatliéu nano MnFe,O, 7,32 50 24 Nghién ctu nay

Qua bang 2, cho thiy rd rang 1a kha ning hap phu
Pb* trong dung dich nudc cua cic hat nano
MnFe,O, ma chiing t6i tong hop duoc 1a dang chu
¥ so voi cac chat hip phu hién da dwoc cong bd
truge day. Do d6, cac hat nano MnFe,0, c6 thé 1a
mot vat liéu déy htra hen dugc st dung trong héip
phu. Bai cac hat nano MnFe,O,4 khi da nap céac ion
Pb* ¢6 thé dugc tai sinh bang dung dich NaOH
0,01 M. Sau lan tai sinh thtr tu, n6 c6 thé duge 1am
kho va su dung trong xay dung, xtr 1y an toan va
tiét kiém [21].

4. KET LUAN

Céc hat nano ferit mangan (MnFe,0,) di dugc tong
hop bang phuong phép thity nhiét voi ky thuat dong
két tua dwoc sir dung. Két qua phan tich XRD da
chimg minh sy phat trién theo ciu trac spinel cua
cac hat nano. Bénh canh d6, phén tich SEM va BET
cho théy cac hat ferit tuong ty nhu cac hat cAu,
dugc phan bd kha dong nhat, kich thudc hat cua
méu vao khoang tir 20 dén 60 nm va c6 dién tich bé
mat Sger = 19,23 mzlg. Hat nano MnFe,0, nay da
dugc nghién ciru dé hap phu chi trong nude. Két
qua cho thiy, qué trinh hip phu cua ion Pb* trén
vat liéu nano MnFe,0, tdng hop dugc déu tuan theo
ca hai mé hinh hip phu ding nhiét Freundlich va
Langmuir, ion Pb*" hip phu don 16p trén cac hat
nano va hdp phu trong diéu kién bé mat hat khong
ddng nht, qua trinh hap phu 1a qua trinh vat Iy.
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