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TONG HOP VA PAC TRUNG VAT LIEU NANO ZnFe:04
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Tém tat. Trong nghién ctru nay, vat liéu nano ZnFe:0s dugc tdng hop thanh cong bang phuong phap
thay nhiét két hop v6i nung. Cac yéu t6 anh huwong dén qua trinh tong hop vat liéu nhu thoi gian thuy
nhiét, nhiét d6 thuy nhiét va nhiét d6 nung da duoc khao sat. Vat liéu tong hgp duoc dic trung bf?mg
phuong phap nhiéu xa tia X (XRD), hién vi dién tir quét (SEM), phd hong ngoai (FT-IR) va hap phu/kht
h&p phu ni to (BET). Két qua cho thay tinh thé spinel ZnFe204 ¢6 trat tw cao dugc tong hop & nhiét d6
thuy nhiét 120 °C, thoi gian thuay nhiét 24 h va nhiét d6 nung 500 °C.
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Abstract. In this work, the spinel-type ZnFe:Os material was successfully synthesized via the
hydrothermal method combined with calcination. Several factors influencing the synthesis, such as
hydrothermal time, hydrothermal temperature, and calcination temperature, were studied. The material
was characterized by using X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier
transform infrared (FT-IR) spectroscopy, and nitrogen adsorption/desorption isotherms (BET). The
results indicate that the highly ordered crystalline form of spinel ZnFe20s was synthesized under the
following conditions: hydrothermal temperature of 120 °C, hydrothermal time of 24 h, and calcination
temperature of 500 °C.
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1 Mo dau

Trong nhitng ndm gan day, khoa hoc nano
va cong nghé nano la mét trong nhitng linh vic
nghién cttu dinh cao va sdi ddong nhat. Cong nghé
nano da gép phan mé ra nhitng co hdi mai, thic
ddy su phat trién cta nhiéu linh vuc khac nhau tte
y hoc, héa hoc, bao vé mdi truong, ky thuat, an
ninh qudc gia, v.v. va xa hon la nang cao chét luong
cudc song con nguoi. Mdt khac, nén tang cta khoa
hoc nano va cong nghé nano chinh la vat liéu nano.
Nghién ctru vé vat liéu nano da tré nén ngay cang
pho bién vi tinh chat vat ly, hoa hoc, quang hoc va
xuc tac déc ddo ctia chung so véi cac vat liéu khoi
leong 16n tuong ting. Trong d9, cac vat liéu nano
ferit voi cau trac spinel da thu hut sy quan tam ctia
nhiéu nha khoa hoc. Cac vat liéu nay da duoc sk
dung trong cac sensor khi [1], thiét bi ttr [2], xtic tac
[3, 4], v.v. Cong thirc tong quat cua cdc ferit spinel
la MFe20s (M = Mn2, Fe2t, Co?, Ni2*, v.v.). Cé nhiéu
phuong phap dé€ tong hop vat liéu nano spinel voi
tinh chat tir nhw dong két tua, sol gel, nghién nang
luong cao, thuy nhiét va d6t chay [2, 5]. Trong cac
phwong phap trén thi thuy nhiét dwgc st dung
rong rai voi nhiéu wu diém thuén lgi cho sy hinh
thanh tinh thé nano. Trong nghién ctu nay, vat liéu
spinel ZnFe:Os duoc tong hop bang phuong phéap
thay nhiét két hop véi nung. Cac yéu t6 anh huong
dén thanh phan pha, hinh théi ctia vat liéu nano

spinel ZnFe2Os cling da dwoc khao sat.

2 Phuwong phap

2.1 Hoa chat

Hoa chat st dung trong nghién cttu bao gom
Zn(NOs)6H20  (Xilong, TQ), Fe(NOs)3-9H20
(Xilong, TQ), NaOH (Xilong, TQ) va CTAB (Merck,
D).

2.2 Téng hgp vat liéu

Qua trinh tong hop nano spinel ZnFe204
duoc tién hanh nhu sau:

134

Hoa tan 1 g CTAB trong 40 mL nudc cat
bang cach khudy déu bang méy khuay tir véi toc
d6 750 vong/min trong 15 min. Tiép theo, cho hon
hop ran Zn(NOs)»6H:0 va Fe(NOs)»9H:0 vao,
vira khudy vira nho tir tir ting giot dén hét 40 mL
dung dich NaOH 2 M. Khuay déu hon hop trong 1
h, sau dé cho toan bo hon hop vao binh Teflon. DBét
binh Teflon vao autoclave, van that chat va cho vao
tu sdy O nhitng nhiét do va thoi gian x4c dinh. Sau
khi thay nhiét, autoclave dugc d€ ngudi mot cach
tw nhién dén nhiét do phong. Loc két taa den thu
dugc roi rira nhigu lan bang nude cat dén khi dich
loc trung tinh. San pham duoc sdy kho ¢ 80 °C, sau
d6 nung ¢ cac nhiét 6 khac nhau trong 4 h.

Trong nghién cttu nay, ba yéu t6 anh hudng
dén qua trinh tong hop vat liéu da dwgc khao sat:

— Nhiét do thuy nhiét: ¢§ dinh ti 16 mol Zn/Fe
la 1:2; thoi gian thay nhiét 24 h; nhiét d¢ nung 500
°C; thay d6i nhiét d6 thuy nhiét 80, 100, 120 va 130
°C.

— Thoi gian thuy nhiét: ¢§ dinh ti 1& mol
Zn/Fe 1a 1:2; nhiét d¢ thuy nhiét 120 °C; nhiét do
nung 500 °C; thay d6i thoi gian thuy nhiét 6, 12, 24
va 36 h.

— Nhiét d9 nung: ¢6 dinh ti 1é mol Zn/Fe 1a
1:2; thoi gian thuy nhiét 24 h; nhiét d6 thuy nhiét
120 °C; thay d6i nhiét d6 nung 450, 500, 550 va 600
°C.

2.3 Dac trung vatliéu

Thanh phéan pha cta vat liéu dwgc nghién
ctu bang phuong phap nhidu xa tia X (D8
Advanced Bucker, Dtrc) véi tia phat xa CuKa. Cac
dao dong cua lién két duoc do trén mday FT-IR
8010M (Shimadzu). Hinh thai bé mat vt liéu duoc
do trén may SEM JMS-5300LV. D4c trung xdp cua
vat liéu duoc nghién cttu bang phuong phéap dang
nhiét hdp phu - khtt hdp phu ni to ¢ 77 K trén thiét
bi TriStar 3000 (My). Truedc khi do, cac mau duoc
xtt ly chan khong ¢ 110 °C trong 6 h.
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3 K&t qua va thao luan

3.1  Anh huéng cia nhiét do thay nhiét

Vit liéu ZnFe20s duoc tong hop ¢ 80, 100,
120 va 130 °C. Trén gian ¢6 XRD cuia cac mau déu
xuat hién cac peak & 20 khoang 29,93, 35,21, 42,8,
53,03, 56,6 va 62,18° teong ting véi cac mat phan xa
(220), (311), (400), (422), (511) va (440), ting v6i phd
chuan cta tinh thé ZnFe:O: (1ap phwong, nhoém
khong gian: Fd3m, Z = §; ICDD PDEF: 22-1012).
Ngoai ra, khdng thay xuat hién cac peak nhiéu xa
cta cac oxit kim loai nhu ZnO va Fe20s trén gian
dd XRD nén vat liéu thu dwoc cd dd tinh khiét cao.
Pha tinh thé ZnFe>O4 da hinh thanh ¢ nhiét d6 thuy
nhiét 80 °C (Hinh 1). Tuy nhién, cdu truc tinh thé
van chua hoan thién, thé hién & cuong do cac peak
dic trung yéu hon so véi cac mau téng hop ¢ 100
va 120 °C. Trong bdn mau khao sat, mau tong hop
& 120 °C c6 cac peak dic trung sac nhon, cuong d6
manh nhat nén mau nay cé cau trac trat tu nhat va
cac tinh thé tao thanh da hoan chinh. Khi tang nhiét
do thay nhiét 1én 130 °C thi cwong do peak ddc
trung rat yéu va khong ro rang, ching to ciu trac
trat tu cua vat liéu da bi pha vo. Tt két qua XRD,
ching t6i nhan thay nhiét do thuy nhiét thich hop
la 120 °C.

Anh SEM ctia hai miu t6ng hop & 120 va
130 °C duoc trinh bay ¢ Hinh 2. C6 thé nhan thdy
nhan thdy mau ZnFe20: tdng hop & 120 °C gom céc
hat c6 kich thudce twong d6i dong déu, khoang tu
25 dén 50 nm. Chung két tu lai véi nhau ¢ mie do
nao dé, mét phan do su tuong tac gitra cac hat nano
ttr tinh. Khi nhiét d6 thiy nhiét tang lén 130 °C thi
hinh théi san pham c6 thay d6i; cac hat duong nhu
nho hon. Cac hat ¢ kich thudc khong dong déu cd
xu huéng két tu lai nhiéu hon, hinh thanh cac khe
trong cling 16n hon. Nhuw vay, c6 thé thay su thay
d6i nhiét d¢ thuy nhiét da anh huwong dén hinh thai

cua vat liéu tong hop.

Tt két qua phan tich anh SEM va gian do
XRD, chiing t6i chon nhiét d¢ thtay nhiét 120 °C cho
nhiing nghién ctru ti€p theo.
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Hinh 1. Gian d6 XRD cac mau tdng hop ¢ nhitng nhiét
d6 thay nhiét khac nhau

IMS-NKL 5.0KV 4.8mm x100k SE(M) s 500nm

Hinh 2. Anh SEM ctia céc mau t8ng hop & nhiing nhiét
do thay nhiét khac nhau
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3.2 Anh huéng caa thoi gian thay nhiét

Hinh 3 la gian d6 XRD ctia cac mau thay
nhiét ¢ nhitng thoi gian khac nhau. Trén gian d6
XRD ctia cdc mau déu xudt hién cic peak & 20
khoang 29,93, 35,21, 42,8, 53,03, 56,6 va 62,18°,
tuong tng véi cac mat phan xa (220), (311), (400),
(422), (511) va (440), tng voi pho chudn cua tinh
thé ZnFe20s. Nhu vay, thoi gian thuy nhiét khong
anh huong dén thanh phan pha caa vat ligu. O thoi
gian thuy nhiét 6 h, da c6 sy hinh thanh tinh thé,
nhung cac peak chua rd nét. Khi thoi gian thay
nhiét tang 1én 24 h, peak nhiéu xa cé cudong do cang
cao va sac nét, dong thoi dd rong ctia peak thu hep
lai. Diéu nay chung to khi thoi gian thuy nhiét
tang, cac tinh thé hinh thanh t6t hon, dong thoi
kich thudc tinh thé cling tdng. Tuy vay, khi tang
thoi gian thay nhiét 1én dén 36 h thi ceong do peak
dic trung lai y&u hon so véi mau téng hop & thoi
gian thuy nhiét 24 h do cdu trac trat tu cta spinel
da sup d6 mot phan. Trong cac mau khao sat, mau
tong hop ¢ thoi gian thuy nhiét 24 h ¢d cac peak
déc trung sdc nhon nhat, cuong do peak manh
nhét, ching to mau nay co6 do trat ty cao va st hinh
thanh spinel ZnFe20s hoan chinh. Két qua XRD cho
thdy thoi gian thtiy nhiét phit hop d€ tdng hop mau
la24h.
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Hinh 3. Gian d6 XRD c4c mau téng hop & nhiing thoi
gian thay nhiét khac nhau
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33 Anh huwong cta nhiét d nung

Dé tim diéu kién tong hop cac hat nano bang
phuong phap thuy nhiét, chiing to6i khao sat thém
anh huong cua nhiét d6 nung dén cdu trac cua vat
liéu. Cac mau tong hop vai diéu kién: nhiét d6 thuy
nhiét 120 °C, thoi gian thay nhiét 24 h va nhiét d6
nung thay doi: 450, 500, 550 va 600 °C.

Hinh 4 1a gian ¢6 XRD ctia cdc mau 6 nhiing
nhiét dd nung khac nhau. Tt gian d6 XRD c6 thé
nhan thdy nhiét d6 nung khong anh huong dén
thanh phéan pha cta vat liéu. Ngoai cac peak déc
trung cho pha tinh thé ZnFe:0s, khong quan sat
thdy cac peak ctia hop chat khéc, chitng to mau thu
duoc 6 d6 tinh khiét cao. Khi tdng nhiét d6 nung
ttr 450 dén 500 °C, cac peak ddc trung cho pha tinh
thé ZnFe201 c6 cuong dd tang dan. Trong bon mau
khao s4t, mau nung ¢ 500 °C c6 cac peak véi cuong
d6 cao nhat, sdc nhon nhat, chiing to 6 nhiét d0 nay
tinh thé hinh thanh t8t nhat. O nhiét d6 nung 550
va 600 °C, cac peak c6 xu hudng giam cuong do,
do d6 do trat tw cing kém dan. Qua khao sat XRD,
ching t6i nhan thdy nhiét 6 nung phuhopla 500
°C.
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Hinh 4. Gian d6 XRD c4c mau tdng hop & nhitng nhiét
do nung khac nhau
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Hinh 5 14 &nh SEM ctia cdc mau tong hop &
cac nhiét d6 nung khac nhau. Anh SEM ctia cac
mau ZnFe2Os tong hop ¢ cac nhiét do nung 450, 500
va 600 °C cho thdy cac hat co kich thudc tuong d6i
dong déu; sy khac biét gifta cdc mau khong 16n.
Tuy nhién, khi tdng nhiét d6 nung ttr 450 lén 500
va 600 °C, cac hat nano ¢ xu hudng két tu lai thanh
cum nhiéu hon, khe tréng ciing duoc thu hep lai.
Cac hat nano két tu c6 thé la do twong tac tir tinh

gitta ching. Ttr d6, c6 thé nhan thay su thay doi

nhiét d6 nung anh hudéng dén hinh thai cta vat
liéu.

Tém lai, chiing t6i da tong hop thanh cong
cac hat nanocomposit ZnFe:Os bang phuong phép

thuy nhiét két hop véi nung. Diéu kién thich t6i wvu
dé tong hop vat liéu la: nhiét d6 thuy nhiét 120 °C,
thoi gian thay nhiét 24 h va nhiét d6 nung vat liéu
500 °C.

IMS-NKL 5.0kV 4.8mm x100k SE(M)

Hinh 5. Anh SEM ctia cic mau t6ng hop 6 nhitng nhiét ¢ nung khac nhau

3.4 Daic trung vat liéu tdng hop & diéu kién t6i
wu
Mau tong hop ¢ diéu kién t6i vu dugc
nghién ctu sdu hon bang phd hong ngoai (IR) va
va phuwong phép hap phu - khtt hap phu ni to.

Hinh 6 trinh bay phd IR ctia mau khao sét.
Trén phd héng ngoai ctia mau tdng hop xuat hién
cac peak ¢ 3442,94, 1629,85, 545,85 va 395,41 cm.
Peak ¢ 3442,94 va 1629,85 cm! ddc trung cho dao
déng cua nude hap phu vat ly va dao dong bién
dang dH-O-H [4], peak ¢ s6 song 545,85 cm déc
trung cho dao dong bién dang Fe-O ctia cdu truc
ZnFe204 [4], peak c6 s6 séng 395,41 cm! ddc trung
cho dao dong bién dang Zn-O cua cdu trac
ZnFe20x [4]. Két qua nay phu hop véi su phan tich
XRD ¢ trén.

Tinh chat bé mat va cau tric mao quan cta
mau ZnFe:0s cling duoc nghién ctru bang phuong
phép hap phu - khit hdp phu ni to. Hinh 7 trinh
bay duong dang nhiét hdp phu — khit hap phu ni

to ctia mau téng hop.
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Hinh 6. Pho IR ctuia vat liéu ZnFe204
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Puong déng nhiét hdp phu — khtt hdp phu
ni to ctila mAau ZnFe20: thudc loai 111 theo phan loai
IUPAC. Sy xuat hién vong tré ¢ vung ap sudt
twong ddi P/P0 0,8-1 c6 thé lién quan dén khoang
trong hinh thanh gitra cac hat nano ké nhau. Theo
phuong trinh BET (Brunauer — Emmett — Teller),
dién tich bé mat tinh duoc 1a 33,06 m2-g-1. Dién tich
bé mat khé 16n 1a do kich thudc cdc hat nho nhw
quan sat & anh SEM. So véi két qua nghién cttu cuia
Jeseentharani va cs. [6] (40,41 m2-g-') va Matli va
cs. (44 m2-g) [7] thi dién tich bé méat ctia vat liéu
ZnFe204 nhé hon. Su khéc biét vé dién tich bé mat
13 do sy khéc biét vé hinh thai cidu trdc nano
ZnFe20x.

C4c gia tri vé bé mat riéng, thé tich mao quan
va duong kinh mao quan ctia mau ZnFe204 duoc

tong két & Bang 1.

Bang 1. Céc thong s6 déc trung cho tinh chat bé mét va
c&u triic mao quan ctia mau ZnFe20s

Mau SBET Vp D (nm)
(mz.g—l) (m2.g—l)
ZnFe:Ou 33,06 0,22 21,46

Ghi chti: SBET 1a dién tich bé mat theo BET; Vp 1a thé tich
mao quan tinh tit nhanh giai hap phu bang phwong phap
BJH; D la duong kinh mao quan.

4  Kétluan

Chung t6i da tong hop thanh cong vat liéu
spinel ZnFe:Os bing phuwong phap thiy nhiét két
hop véi nung. Thanh phan pha va hinh thai cia san
phadm phu thudc vao nhiét d6 thuy nhiét, thoi gian
thuy nhiét va nhiét d6 nung va diéu kién tdi uu
twong ung la 120 °C, 24 h va 500 °C. Dién tich bé

mat riéng ctia vat liéu ZnFe204 la 33,06 m2-g-.
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