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TOM TAT

Trong bai bao nay, vat liéu MnFe:0s c6 kich thudc nano dugc téng hop bang
phuong phép thuy nhiét. Kich thudc va cdu trac hat ctia MnFe20s dugc phan tich
dua trén cac phép do nhiéu xa tia X (XRD), kinh hién vi dién t& quét (SEM) va
quang phd tia X phan tan nang lvong (EDX). Két qua cho thdy MnFe20: duoc phan
tan t6t va dong nhat, bao gdém cac hat nano tinh thé so cdp ¢ kich thude tir 13,82
dén 28,39 nm. Phé Raman cho thdy ba ché€ d) hoat dong Raman (Aig + Eg + T2g)
dugc mong doi trong c&u tric spinel va su thay d6i ctia cac ché dd ngu y rang c6
sy phéan bd lai cation trong cac vi tri t& dién va bat dién. Qua trinh hdp phu-giai
hdp nito duoc st dung dé€ xac dinh dién tich bé mdt (Brunauer—-Emmett-Teller

(BET)) va do x0p cua vat liéu ché tao duoc.

Tt khoa: Vat liéu nano, MnFe204, phuwong phap thuy nhiét.

1. MO PAU

Trong nhitng nam gan day khoa hoc va cong nghé nano thuc sy da tao duoc
budc dot pha 16n trong linh vuc khoa hoc vat liéu. Nhiéu ting dung cong nghé khac
nhau dua trén vat liéu nano ferit do cac tinh chat tir va dién doc ddo. Chung ta cing
biét réng, cac tinh chét vat ly va hoa hoc ctia cac vat liéu tir ¢6 kich thudc nano kha
khéc biét so voi cac vat liéu dang khoi do hiéu ting bé mat cua ching (ty 1€ bé mat trén
thé tich 16n) va hiéu tng giam gitt lwgng t& (ddc tinh phu thudc vao kich thudc). Cac
hat nano mangan ferit (MnFe20s) rat quan trong do cac ing dung tit tinh cta ching,
ching han nhuw thiét bi ghi am, luu trit thong tin, thiét bj dién t&, phan phdi thudc,
ferrofluid, cam bién sinh hoc, cong nghé MRI va xtc tac [1, 2]. MnFe204 la mét spinel
dao mot phan véi khoang 80% cac ion Mn? nadm & vi tri t& dién, trong khi chi c6 20%
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trong sO chiang ndm O vi tri bat dién, dién tich bé mit cao, tir tinh c6 thé diéu chinh
duoc [3]. Ferit gbc mangan c¢6 1¢i thé so vdi cac cation khac vi lwong mangan hap thu
hang ngay duwoc tim thay thong qua khong khi, nedc va ché @6 an udng nam trong
khoang 0,67 - 4,99 mg, & mtic gia tri trung binh 1a 2,21 mg mdi ngay [4].

Théng thuong, cac phuong phap tong hop hat nano ferit bao gom phuong
phéap goém, dong két tua [5], sol-gel [6], sdy phun [7], va phuong phap thty nhiét nhiét
dd va &p suét [8]. Trong phuong phap gom, oxide kim loai dwoc tron bang co, thong
thuong la dung may nghién nang lwgng cao. Phuong phap nay kho tao ra cac hat min
va dan dén su phan bd cta cac kich thudc hat khong dong déu. Ngoai ra, cac tap chat
c6 thé 1an vao do qua trinh nghién. Phuong phap dong két tua tao ra cac hat dong
nhét, ti 1& hop thirc ¢d thé duoc kiém soat, va sy phan bo kich thude hat nho. Ky thuéat
sol-gel cho phép kiém soét kich thudc hat va phan bo kich thwdc, ma con gitp kiém
soat hinh dang cta hat. Phun kho st dung két tua dung dich cation dam déc bé“mg cach
lam bay hoi dung modi, trong khi lam kho ty do, dung dich dam dac dwoc nguyén ti
héa thanh nhitng giot nho. Phuong phap thay nhiét c6 thé tao ra cac hat nho hon
nhiéu, chang han nhu cum, phan ti, ion va nguyén ti [9]. Vi vay, trong bai bao nay
chuing t6i dé cap dén cac két qua nghién ctru chi tiét hon vé tong hop vat liéu MnFex0s
c6 kich thwdc nano bang phuong phap thuy nhiét, st dung dung dich NaOH lam tac
nhan dong két tua.

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

Cac hoa chdt st dung trong nghién ctru la cac hoa chat tinh khiét duwoc mua tie
hang Merck, Dic gom: FeCls.6H20, MnCl2.4H>0, NaOH. Ethanol (C2HsOH) duoc mua
tr Hang Guangzhou, Trung Qudc. Nudce cat hai [an (cat trén thiét bi cat nudc Fistream
Cyclon, England) dugc st dung dé€ pha ché hda chat va trang, rira cac dung cu thuy
tinh. Cdc thay tinh chju nhiét 100 ml, 200 ml, 500 ml, micropipet cac loai, cdn phén tich,
may khudy tr gia nhiét, cdi chay ma ndo, 10 nung, tu sdy, binh thuy nhiét (b
Autoclave).

Vat liéu tong hop dugc nghién ctru bing cac phuong phap vat ly hién dai nhu:
C4u truc va d¢ tinh thé cta vat liéu nhan dang boi su nhiéu xa tia X (XRD) do trén may
D8-Advance, Brucker vdi tia phat xa CuKa cé budce song A = 1,5406 A, cong sudt 40 KV,
gbc quét 20° dén 80°. Hinh thai ctia san pham quan sat bang quét kinh hién vi dién t
(SEM) va phd EDX dugc thuc hién trén SEM-JEOL-JSM 5410 LV (Nhét) ¢ 10 kV, pho
Raman duoc ghi trén may Micro Raman LABRAM. Dién tich bé mat riéng dugc xac
dinh bang dwong dang nhiét hap phu-giai hdp nito st dung Micromeritics Tristar 3000,
noi cdc mau truede d6 da duoc khir khi & 120 °C trong 12 giod va tién hanh gia nhiét tte
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120 dén 180 °C voi thoi gian thay doi trong khoang 6-12 gio
2.2. Tong hgp MnFe:04

Cho 0,693 g MnCl2.4H20 va 1,892 g FeCls.6H20 vao mot coc thuy tinh 250 mL,
thém 180 mL nudc cat, dung may khudy ttr 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
chita dung dich A tiép tuc khuay déu bang may khudy tt, gitt dung dich o nhiét d6
phong trong thoi gian 15 phut, xuat hién két tia mau nau den (B). Cho hén hop B vao
binh teflon 250 mL day nap roi dua vao bd Autoclave, van chit. Thiy phan hon hop
trén bang cach cho bd Autoclave cé chita dung dich B vao 10 nung. Tién hanh gia nhiét
¢ nhiét d¢ 1a 180 °C vdi thoi gian 12 gio [10, 11], sau d6 dé€ ngudi binh thuy nhiét dén
nhiét d6 phong, thu duoc dung dich chira két ttia va cac chat hoa tan. Gan 18y két tua
r0i rita bang ethanol va nudc cat nhiéu Ian dén pH ~ 7. Cudi cting san pham duoc sy
kho ¢ 60 °C trong vong 12 gio, nghién min ta dwgc MnFe:Os. Phuong trinh ion cua
phan tng la: Mn2* + 2Fe + SOH-— Mn(OH)z| + 2Fe(OH)s| — MnFe:0s + 4H:0

3.KET QUA VA THAO LUAN
3.1. Pic trung cac vat liéu bang két qua XRD

Phuong phap nhiéu xa tia X 1a mot trong nhitng phuwong phap thuong duoc st
dung d€ nhan dang cdu truc va d¢ tinh thé cta vat liéu. D€ khao sat anh huong cua
nhiét d6 dén qua trinh tdng hop vat liéu, chung téi tién hanh tong hop nhu muc 2.2
nhung thay ddi cac nhiét d6 thuy nhiét la 160, 170, 180, 190 va 200 °C duoc ky hiéu lan
luot tir MF-160 dén MF-200. Két qua duoc thé hién trén hinh 1.
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Hinh 1. Gian d6 XRD ctua MnFe20s & cac nhiét d6 khéc nhau

63



Nehién ciru va tong hop vat libu MnFe204 c6 kich thudc nano bang phwong phdp thuy nhiét

Tt hinh 1, ¢6 thé thdy vat liéu tong hop duoc da hinh thanh don pha MnFe20s
¢ 160 °C, nhung cuong do con yéu. Khi nang nhiét dd nung 1én cao hon, pha tinh thé
cang két tinh t6t hon (dinh nhon va cao hon). That vay, mau XRD chtta tdm duwong sac
nét trung vo6i dit liéu chuan cua pha spinel mangan ferit (Jacobsite) 1ap phuong (thé
JCPDS s& 75-0034) [3]. Cac dinh nhiéu xa & 26 thu duoc Ian luot & 30,20 ; 35,69 ; 36,7°;
43,30, 53,70; 57,20, 62,8° va 75,3° tuong tng cho mit phang tinh thé ctia spinen
mangan ferit 1a (220), (311), (222), (400), (422), (511), (440) va (531). Trén thyc t& mau
XRD khéng chtra cac cyc dai phu ddi véi bat ky tap chét nao cho thdy sy hinh thanh
mangan ferit @ dang mot pha. Cac két qua nay cho thay pha ttr trong MnFe20s la spinel
lap phuong. Tuy nhién, ¢ nhiét d6 160 °C (MF-160) chwa thay xuat hién dinh nhiéu xa
(422) ma xuat hién 2 dinh la ¢ 26 1a 32,4° va 45,5°. Nhung, khi nhiét d¢ tang 1én tir 170°
(MF-170) thi dinh nhiéu xa (422) nay ciing dan xuat hién va khong con dinh 6 26 1a
45,5° ma con dinh 32,4°. Do d6 d¢€ tdng hop MnFe:0: c6 d6 tin khiét cao hon bang
phuong phap thuy nhiét chung t6i chon nhiét do tir 180 °C trd lén.

D€ nghién ctru sdu hon, chung tdi sé tinh kich thudce tinh thé, khoang cach mat
mang, ciing nhw tng sudt bé mat dwa vao phuong phap Scherrer-Debye [12]:
0,89x 4
=——""_(1).
L % €0s(0)

Trong d6: D 1a kich thudc tinh thé trung binh, A 12 budc séng tia X 1a 1,5418 A, o 1a d6
ban rong ban chiéu cao dinh (full-width half-maximum -FWHM), 0 1a géc nhiéu xa
twong tng (Goéc Bragg). Va cong thirc nay thuong duwoc dp dung tinh cho dinh nhiéu
xa c6 ceong dd manh nhét la dinh (311), két qua dwgc thé hién o bang 1.

Bang 1. Cac thong s tinh thé duoc tinh theo gian d6 XRD ¢ cac nhiét do khac nhau

Mau Nhiét do6 (°C) Dinh nhiéu xa A (nm) 20 FWHM | D (nm)
ME-160 160 311 0,15418 | 35,64 | 1,69592 4,41
ME-170 170 311 0,15418 | 35,62 | 0,62190 12,04
ME-180 180 311 0,15418 | 35,63 | 0,26365 28,39
ME-190 190 311 0,15418 | 35,61 | 0,23685 31,60
ME-200 200 311 0,15418 | 35,60 | 0,20063 37,31

Tir bang 1, ching ti biéu dién sw phu thudc gitta kich thudc trung binh ctia cac
hat mangan ferit vao nhiét do nhw hinh 2.
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Hinh 2. Kich thedc hat trung binh phu thudc vao nhiét do

Két qua 0 bang 1 va hinh 2 cho thay thém, khi tang nhiét 6 phan tng tir 160 °C
1én 200 °C, kich thudc hat thu dugc tang tir 4,41 1én 37,31 nm. Xu huwdng kich thiedc hat
tang khi tang nhiét d6 phan tng c6 thé dwgc giai thich thong qua nghién ctru cua
Zipare K va cong su: Cac tac gia nay cho rang nhiét d6 phan tmg anh hudng tryec tiép
dén qua trinh phat trién mam hat trong dung dich. Khi tdng nhiét d6 phan tng qua
trinh khéch tan sé tang lén két qua thu dwoc cac hat o6 kich thwde 16n hon [13]. Tuy
nhién, khi tang nhiét d¢ ttr 170 °C 1én 180 °C thi khich thudc tang 1én dén 16,35 nm.
Nhung ¢ cac nhiét d¢ 180, 190 va 200 °C thi kich thudc tang lén khong dang ké. Do
vay, dé giam thiéu nang luong chung toi chon nhiét d¢ 1a 180 °C lam nghién ctru tiép
theo
3.2. Dic trung cac vat liéu bang anh SEM

D€ quan sat dwgc hinh thai hoc bé mat ctia vat liéu, chung toi tién hanh khao
sat vat liéu MnFe20s qua anh hién vi dién tir quét SEM véi cac d phong dai khac nhau
[an luot thé hién trén hinh 3 (a), 3 (b) va 3 (c) tng véi 300 nm; 200 nm va 1 um. Bén
canh d6, gian d6 phan bd kich thudc trung binh tir anh SEM ctia mau mangan ferit
cting duoc thé hién trong hinh 3 (d).

65



Nehién ciru va tong hop vat libu MnFe204 c6 kich thudc nano bang phwong phdp thuy nhiét

IMS-NKL 5.0kV 5.2mm x150k SE(M) IMS-NKL 5.0kV 5.2mm x200k SE(M) 200nm

v ,
| oo 20 22
IMS-NKL 5.0kV 5.2mm x50.0k SE(M) 00 d (nm)

Hinh 3. Anh SEM 6 c4c d6 phong dai khac nhau: 300 nm (a); 200 nm (b) va 1 um (c),
gian d6 phan bé kich thudc hat trung binh (d)

Ttt hinh 3 cho thay su hinh thanh ctia chat ran x8p két tu nhiéu hat véi cac tinh
thé nho roi rac ¢ hinh dang twong tw nhu cac hat cau, ¢ cau truc rd rang, twong doi
dong déu, bé mat nhan véi duong kinh trung binh khoang 17,72 nm.

3.3. Pac trung cac vat liéu béng anh EDX

Phan tich nguyén t8 va do tinh khiét ctia mau tinh thé nano MnFe:0: da duoc
x4c nhan bang phan tich EDX va cac dinh thu duoc duoc thé hién trong hinh 4. Két qua
EDX & hinh 4 khing dinh sy c6 mit cia cac nguyén t& Mn, Fe va O trong mau
MnFex0s. Va cho thdy phan tram nguyén tir cia Mn, Fe va O lan lwot 1a 13,34, 23,12 va
58,54 %. Ngoai cac dinh nay, c6 hai dinh nho cling duwoc tim thdy ¢ 0,3 va 2,6 keV trong
mau, diéu nay cho thdy su hién dién ctia nguyén t& Cl c6 thé 1a tir cac mudi ban dau
dua vao dé tong hop mau, diéu nay ciing trung hop véi nghién cttu ctia nhém téc gia
Kisan Zipare [13].
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Hinh 4. Phd EDX ctia mau MnFe2Os

3.4. Pic trung cac vat liéu bang két qua Raman
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Hinh 5. Pho raman ctia mau MnFe2Os

Hinh 5 trinh bay ph6 Raman cua tinh thé nano ferit da duoc tong hop, ghi lai
trong pham vi 100 - 1000 cm™. C6 ba ché d6 dao ddong duwgc du doan cho Raman nhat
rd rang nhat 1a Eg, T2 va Aig [an lugt duoc hién thi ¢ cac dinh 310, 450 va 670 cm. Cac
vi tri dinh ctia ph6é Raman duoc liét ké, phu hop véi vdi cac bao cdo truede dé cho st
MnFex0s [14]. O dai Aig xuét hién trong khoang 620 — 680 cm, ché do nay lién quan
dén su cang doi xting cua cac nguyén tir oxy doc theo cac lién két Mn — O. Trong
treong hop phd thé hién rd rang cac dai trong khoang 400 -500 va 270 — 350 cm™! duoc
gan & ché do Tz va Eg. Chung c6 thé twong Gng voi sy tac gitra d6i xting va khong doi
xtng ctia oxy doi véi mangan.

3.5. Dic trung bang phuong phap ding nhiét hdp phu - gii hap phu BET

Kha ning hap phu bé mit ctia cac hat nano MnFe:O: dugc xac dinh bang ky
thuat dién tich bé mat Brunauer — Emmett — Teller (BET) st dung cac nghién ctru hap
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phu / giai hap N2 va dwoc thé hién ¢ hinh 6.
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Hinh 6. Buong cong hdp phu /giai hap nito
T& duong dang nhiét hap phu/giai hdp nito cia mangan ferit ¢ hinh 6, c6 thé
thay day la duong cong dang nhiét thudc loai Il theo phan loai TUPAC. Dién tich bé
mét riéng tinh theo mo hinh BET la 19.23 m2-g-'. Tt 46, du kién rdng dién tich bé mat
cao cttla MnFe20: ¢6 thé tang cuong cac dac tinh cua xdc tac, hdp phu t6t nhitng phan
tr nho cling nhu nhing phén t ¢6 cdu triuc cong kénh nhu phdm nhudém va ngay ca

kim loai ndng [15].

4. KET LUAN

ba téng hop thanh cong vat liéu nano MnFex0Os ¢6 cau tric don pha spinel
bang phuong phap thuy nhiét. Két qua nghién ctu mau bang mot s§ phwong phap
héa 1i hién dai cho thay, vat liéu ¢6 hinh dang cau, x8p, cac nguyén t& mangan va st
trong mau tong hop duoc phan bs kha dong déu. Kich thude hat trong khoang 13,82
dén 28,39 nm, dién tich bé mat riéng 16n do d6 hira hen kha nang xtc tac, hdp phu va

xt ly cac chat 6 nhiém trong moi trueong.
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SYNTHESIS OF NANOSIZED MnFe204
MATERIAL BY HYDROTHERMAL METHOD
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Nuclear Research Institute
2Quang Binh University
SUniversiy of Sciences, Hue University
*Email: thanhhk18@gmail.com
ABSTRACT

In the present paper, nanosized MnFe:Os material is synthesized by the
hydrothermal method. The size and microstructure of MnFe2Os were analyzed
based on X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy
dispersive X-ray (EDX) techniques. Results showed that MnFe:Os were well-
separation and uniform, which were composed of primary crystalline
nanoparticles with the sizes ranging from 13.82 nm to 28.39 nm. The Raman
spectra shows three Raman active modes (A1g + Eg + T25) which are expected in the
spinel structure, and a shifting of the modes implies cation redistribution in the
tetrahedral and octahedral sites. The nitrogen adsorption-desorption was used for
determination of surface area (Brunauer — Emmett — Teller (BET)) and porosity of

the fabricated material

Keywords: Nanomaterial, MnFe204, hydrothermal method
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Nghién ctru va Diéu ché Bong vi phong xa - Vién Nghién cttu Hat nhan.

Linh vwc nghién citu: Tong hop vat liéu méi, tong hop vat liéu xuc, vat liéu

cam bién, phan tich dién hda va phtc chdt tng dung trong Y hoc.

Ding H6 Hong Quang sinh ngay 16/03/1982 tai Quang Ngai. Ong 6t
nghiép cit nhan chuyén nganh Hoéa hoc nam 2004 tai Truong Dai hoc Da
Lat. Hién 6ng cong tac tai Trung tdm Nghién cttu va Diéu ché PBong vi

phong xa - Vién Nghién cttu Hat nhan.

Linh viec nghién ciru: Tong hop vat liéu mdi, phan tich va phuc chat tung

dung trong Y hoc.

Nguyén Mau Thanh sinh ngay 20/03/1983 tai tinh Quang Binh. Ong t5t
nghiép cit nhan chuyén nganh Hoéa hoc nam 2006 tai Truong DPai hoc Da
Lat; t6t nghiép Thac si Héa hoc nam 2011 tai Truong Dai hoc Suw pham,
DH Hué; t6t nghiém Tién sy nam 2021 tai Truong Pai hoc Khoa hoc, PH

Hué. Hién 6ng cong tac tai Truong Pai hoc Quang Binh.

Linh vwe nghién citu: Tong hop vat liéu méi va tng dung, hoa hoc phan
tich.

71






