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SUMMARY

FABRICATION OF FejxZnyFe;O4 NANO PARTICLES AND STUDY
ON THEIR KINETIC AND ISOTHERMAL MODELS FOR ADSORPTION
OF DIRECT RED 79

Substitution of Zn into the FeFe,O,4 spinel structure was achieved via the co-precipitation method. The
introduction of Zn cations into FeFe,O, resulted in the formation of zZn,Fe;Fe,O, (x: 0-1) with a random
distribution, impacting the adsorption capability towards Direct Red 79 dye, particularly notable at x=0.4.
The optimal nanomaterial sample exhibited a specific surface area of 161.5 m?g, a pore volume of
approximately 0.281 cm®g, and a particle size of 10 nm, synthesized via sudden nucleation at high
temperatures. XRD and Raman analyses confirmed the formation of a single crystalline phase. Notably, the
highest efficiency of Direct Red 79 adsorption occurred at pH 3. The adsorption process adhered to the
pseudo-second-order kinetic model and Langmuir isotherm, with a maximum adsorption capacity of 56.85

mg/g at 298K.

Keywords: nanomaterials, adsorption, kinetics, direct red 79.

1. MO PAU

Thuéc nhuém 1a mot trong nhitng chat
dugc su dyng trong nganh dét may va da
lam 6 nhiém nghiém trong ngudn nuac,
dic biét thuée nhudm truc tiép (direct dye)
[1]. Direct Red 79, duoc phén loai 1a thudc
nhudm azo, 14 chét tao mau téng hop duoc
sir dung rong rii trong nhiéu nganh coéng
nghiép nhu dét, gidy va ché bién da. Nhiéu
phuong phap dé duoc nghién ctru dé loai
b6 cac chat 6 nhiém, ching han nhu phan
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huy quang xuc tdc, mang loc, di¢n phan,
phan huy sinh hoc, déng két tha va hip
phu [2]. Trong s6 d6, hap phu co tinh kha
thi cao d6i véi cac tng dung thuc té nhd
tinh don gian, dé van hanh va co nhiéu
loai vat liéu hap phu sin co, dé ché tao [3].

Vit li¢u nano c¢6 ty 1¢ dién tich bé mat trén
thé tich 1on va nang luong bé mit cao, thé
hién kha ning hap phy manh. Nhiéu vat
liéu dua trén oxide kim loai nhu TiO;,
Zn0, Fe304 [2] ferrites [4], v.v., dong vai



trd quan trong trong nhiéu loai chit hap
phu nano. Céc hat nano ferrite dung trong
xur Iy nudc va nude thai co do 6n dinh cao
va dé dang tai sinh ma khong anh huong
dén dic tinh caa ching, tir d6 giam chi phi
xtr 1y, ddc biét 13 vé& mat thu hdi [5]. Véi
dac tinh tr tinh cta chung, ching ciling cé
thé duoc tach ra khoi méi truong bang tir
truong bén ngoai, tranh phai ly tam hodc
cac phuong phap loc phtc tap [6]. Tuy
nhién, vat liéu dua trén FesOy4 thuong thiéu
6n dinh va c¢6 xu hudng chuyén pha, anh
huong dén tinh chat tir ctia hat va dan dén
thay d6i hiéu suit loai bo chat 6 nhiém. Do
d6, spinel ferrite thé FeyMyFe;04 (M =
ion kim loai hoa tri II) ngay cang dugc st
dung dé loai bo chat giy 6 nhiém [4].
Ngoai ra, cac oxide thong thuong thuong
thé hién d6 on dinh kém trong moi trudng
pH thap, trong khi kha nang hap phu cua
ching dbi voi mot s6 chat 6 nhiém c6 mau
sdc cao giam ¢ do pH thap va giam dan o
d6 pH cao ddi v6i cac chat hap phu gbc
oxide kim loai [7]. Ngugc lai, spinel
ferrites van o6n dinh ¢ pH thip (pH 2-6)
[4]. Viéc ché tao vat liu ferrite sat tir da
dugc nghién ctu rong rii bang cach sur
dung cac phuong phép téng hop khac nhau
dé diéu chinh cac dic tinh cta ching cho
cac ung dung cu thé, chang han nhu d6t
gel [8], sol-gel [9], thuy nhiét [10], hoa tan
dung méi gia nhiét [11], v.v. Trong s cac
phuong phap nay, ky thuat dong két tia
dang dugc chii y nhiéu vi tinh linh hoat va
hiéu qua cua no.

Trong nghién clru nay, ferrite Fe;.
«ZNyFe,0, duogc tong hop bang phuong
phap déng két taa. Vat liéu ché tao duoc
sir dung 1am chét hap phuy dé loai bo Direct
Red 79. M6 hinh hip phu dang nhiét va
dong hoc ciia qua trinh hép phu dugc
nghién ciru mang lai sy hiéu biét sau sic
vé co ché hip phu cua vat liéu, tir d6 co
thé dé& xuat cac giai phap k¥ thuat tdi wu
khi 4p dung vao thyc té.
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2. THU'C NGHIEM
2.1. Héa chit va thiét bj

Hoa chit dang bot FeCly.4H,0,
FeCl;.6H,0, ZnCI;9H,0, NaOH duogc
mua tr Merck. Direct Red 79 (DR79) va
acetone duoc mua tir Trung Qudc. Cac
dung dich gém FeClz 2M, FeCl, 2M,
ZnCl, 2M, HCI 2M va NaOH 0,5M dugc
pha tir cac hoa chét gbe sir dung nude cit
hai 1an. M4y khudy gia nhiét tir tinh (C-
MAG HS, IKA) dugc st dung dé tong hop
vat liéu. May lic co ban va diéu khién
IKA®KS 260 duoc st dung dé nghién ctru
su hép phu. May do pH dugc sir dung dé
diéu chinh d¢ pH cia dung dich chira chat
hap phyu. Nong do chat hip phu (DR79)
dugc xac dinh bang may quang phé UV-
1700 (Shimadzu, Nhat Ban).

2.2. Ché tao vat liéu Zn,Fe; Fe,04

FeixZnyFe,04 duoc ché tao béng phuong
phap dong két tua twong tu tai lidu [12],
tuy nhién c6 mot chut thay ddi vé nong do
céc chat phan tng va nhiét d6 phan ung.
Zn(Il) dugc thé vao vi tri Fe(I) trong
Fes0, duoc diéu khién bang cach thay thé
FeCl, bang ZnCl, theo ty 1¢ nhat dinh nhu
trong Bang 1.

Bdng 1. Thanh phan chat tham gia t(fng hop va ki

hiéu vdt liéu tuwong ung duoc che tao

FeCl; 2M FeCl;2M  ZnCl, 2M  K{ hiéu

(mL) (mL) (mL)  san phim
0 2 4 0 FZ0
02 16 4 0,4 FZ2
04 12 4 0,8 FZ4
05 1,0 4 1,0 FZ5
06 08 4 1,2 FZ6
08 04 4 1,6 FZ8
1 0 4 2 FZ10

Hon hgp phan tmg MCI, (M: Fe, Zn) va
FeCls dugc d6 that nhanh vao dung dich 64
mL NaOH 0,5 M dang s6i dé tao nhanh mam
tinh thé va dam bao sau phan tmg dat pH 11.



3. KET QUA VA THAO LUAN
3.1. Hinh théi, cau tric caa vt liéu

Anh SEM va TEM cua FZ4 (mau c6 hiéu
suat hip phu cao nhat) thé hién trén Hinh
1 (a, b) cho thiy cac hat co kich thudc rat
nho, khoang 10 nm. Cau triic tinh thé cua
vat liéu FZ4 va so sanh véi FZ0 (mau
chua thé Zn(Il) vao Fe(Il)), FZ10 (thé
hoan toan Zn(ll) vao Fe(ll)) dugc xac dinh
boi gian @6 XRD va phé Raman thé hién
trén Hinh 1 (c, d). Hinh 1(c) cho thiy cac
dinh nhiéu xa ung véi cac mat (220),
(311), (400), (422), (511) g vé6i cac géc
2 theta la 30,03; 35,17; 43,05; 56,83; va
62,44 (°) theo thé JCPDS No 03-0863. Cac
dinh nhiéu xa nay c6 xu hudéng chuyén
dich sang goc 2 theta nho hon khi tr FZ0
dén FZ4 va FZ10. Hinh 1(d) cho thiy cac
dinh phd dich chuyén Raman dic trung
trong ving tr 600 dén 800 cm™ ciing c6

xu huéng dich chuyén sang ving cé sb
song nho hon. Mac du c6 nhiing su dich
chuyén trén nhung khong xuét hién céac
dinh nhidu xa méi trén gian d6 XRD, hay
xuat hién dinh phd méi trén phd Raman
cho thay su thé Zn(II) véo vi tri ctia Fe(Il)
trong Fe3O4 ma khong XuAt hién pha moi.
Hinh 2(a) thé hién rang cic dudng dang
nhiét hap phu - giai hap cua FZ4 thudc
loai IV, déac trung cta vat licu mao quan
trung binh. Két qua do dién tich bé mat
riéng theo BET cho thdy FZ4 c6 dién tich
bé mit riéng 16n 165,1 m%g. Kich thudc
va thé tich 16 x6p Hinh 2(b) thyc hién theo
phwong phap BJH cho két qua gia tri 16n
nhit ciia duong kinh 16 xdp vao khoang
6,8 nm, voi thé tich 16 xép vao khoang
0,281 cm®g cho thiy vat liéu c6 kich
thudc 18 trung binh, hira hen kha ning hap
phu tbt.

Cwong do (d.v.t.y)

2 theta (°)
Hinh 1. (a) Anh SEM, (b) TEM ciia vt liéu FZ4; (c) gian @6 XRD va (d) phé Raman ciia FZ0, FZ4 va FZ10

8o 500

Cwong do (d.v.ty)

700 800 900 1000
Chuyén dich Raman (cm™)

600
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3.2. Tinh chat hap phu caa vat ligu véi
DR79

3.2.1. Anh hwong cuia vat ligu hap phy va
pH hap phu den kha nang hap phu

Diém dang dién cho biét kha ning tich
dién cua bé mit trong mdi truong pH nhat
dinh va anh huéng dén kha ning hap phu
thudc nhudém cua vat liéu. Giao diém cua
duong cong ApH-pH; véi truc hoanh Hinh
3(a) cho thay diém ding dién cua vat liéu
la 6,2. Khao sat kha ning hap phu cua cac
vat lieu FZn (n=0, 2, 4, 5, 6, 8, 10), v&i
khdi lwong vat lidu 1 0,02 g trong 25 mL
dung dich DR79 ndng d6 50 mg/L, pH 3 &
25 °C, toc do lac mau 250 vong/phuat. Két
qua FZ4 c6 hiéu suit cao nhat tac 14 thé
hién kha nang hap phu tét nhat Hinh 3(b),
do d6, FZ4 duogc lya chon dé khao sat cac
tinh chat hap phy DR79 cua vat liéu.

»
=3
=3

-

o

t=3
T

Hép phu

Giai hap

-

n

=3
T

(a)

Lwong hap phu (cm®/g STP)

] 0.4 06 0.8 1.0
Ap suat twong doi (P/P,)

0.2

= ‘-"'- » Thé tich 15 xép

2 0.25 . «— dV(d) 0.020 =
E | 020E
Lo20{ | <
= (b) oo@

.
X 015 3 £
2 L 0.010=
£ 010 g
= =
Y 0.005%
2 0054
0.00 = 0.000
0 20 40 60 80 100 120

D6 rong 16 x6p (nm)

Hinh 2. (a) Puong cong phan b6 hdp phu - - giai
hdp N, va (b) gidn do phdn bé kich thuée 16 xop
cua FZ4

Khao séat su phu thuoc kha ning hap phu
cuia FZ4 vao pH Hinh 3(c) cho thay khi pH
cang tang, kha nang hap phu cua vat liéu
cang giam. Khoang 62,51 % thuéc nhuom
duoc hip phu ¢ pH 3, dén pH 11 hiéu suat
hap phu chi dat 2,45 %. Két qua nay c6 thé

231

duoc giai thich nhu sau: O pH thap, ndng
do ion H' cao, tuong tac hut tinh dién véi
DR79 tich dién &m lam cho thuéc nhuom
bam vao bé mat vat lidu va tao diéu kién
thuan lgi cho su hap phuy [13]. Khi pH tang,
nong do ion OH’ ting va cac tAm trén bé
mat vat liéu hap phu tré nén 4m hon [14],
trong truong hop nay, luc day chiém wu thé
gitta ZF4 va thuéc nhuém DR79. Hon nira,
& pH cao thi lugng ion OH' trong dung dich
du nhiéu nén xay ra su hap phu canh tranh
gitta thuéc nhuém anion DR79 va cac ion
OH’ nén hiéu suat hap phu giam [15]. Vi
vay chang téi chon pH 3 cho cac thuc
nghiém tiép theo.

3.2.2. Anh hwong cuia thoi gian hdp phy va
dong hoc hap phu

Nghién ctu qué trinh hip phu phu thudc
vao thoi gian khéng nhiing cho biét thoi
gian can dat dén trang thai bdo hoa cua
quéa trinh hap phu ma con cho ta biét quy
luat dong hoc hap phu.

Hinh 4(a) cho thiy tir 5 dén 60 phut sy
phu ting nhanh theo thoi gian, tir 60 dén
120 phut qua trinh hép phu cham lai va
sau 120 phut hidu suat hap phu gan nhu
khong doi. Do d6, c6 thé coi thoi gian dat
can bang hip phu 1a 120 phut. Khao sat 4
mo hinh dong hoc hép phu: bac 1, bac 2,
khuéch tan noi hat va Elvovich 1an luot thé
hién trén Hinh 4(b-¢). Cac tham s6 ciia md
hinh duge thé hién & Bang 2. So sanh céac
hé sb twong quan R? cho tit ca cac md
hinh dong hoc trong Bang 2 cho thiy mo
hinh déng hoc bac 2 1a phu hop nhét. Cac
hé sé twong quan trong mo hinh bac 2 (R®
> (0,994) 16n hon so véi gia bac nhat (R? >
0,967), Elovich (R? > 0,918) ciing nhu md
hinh khuéch tan noi hat (R® > 0,954).
Trong 4 m6 hinh dong hoc da khao sat thi
mo hinh béac 2 ¢o R? cao nhat, mo hinh
Elovich c6 R? thép nhit & ca 3 ndng do
dau khao sat. Diéu nay cho phép du doan
su hép phu thuéc nhudém trén vat lidu cd
co ché hap phy hoa hoc [16].



3.2.3. Anh huong nong d¢ dau chat hap
phu va dwong hap phu dang nhiét

Két qua khao sat kha nang hap phu phu
thudc vao ndng d6 dau cua DR79 biéu
dién trén Hinh 5(a) cho thdy hiéu suit hip
phu giam va dung luong hap phu ting theo
ndng d6 dau. Bé nghién ctru quy luat hap
phu dang nhiét ctia hé, 3 mo hinh duoc thir
nghiém gdm Langmuir, Freundlich va
Temkin. Phuong trinh thyc nghi¢ém cua
cac md hinh duoc bién dién trén Hinh 5(b-
d). Tir két qua trén do thi, cac hang s va
hé sb twong quan ciia cic mo hinh nay
duoc trinh bay ¢ Bang 3.
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So sanh céc hé sb trong quan R?tir cac md
hinh dang nhiét hip phu trong Bang 3 cho
thiy mé hinh Langmuir 1a phu hop nhat
voi 6 liéu thuc nghiém tuong ung voi hé
s6 R? cao nhat (R* = 0,9986). Dung luong
hép phu cuc dai theo mo hinh nay la 56,85
mg/g. Nhu vay, kha ning hdp phu DR79
cua ZF4 13 cao hon so véi vo cai dau (qmax
= 3,1 mg/g) [17] nhung thap hon so v&i vo
cam (Qmax = 151,5 mg/g) [18]. Gia tri R, =
0,102 nam trong khoang 0 < R.< 1 cho
thiy sy hip phu DR79 trén ZF4 1a thuan
loi.
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Hinh 4. (a) Hiéu sudt hip phu theo thoi gian doi v6i 0,02 g FZ4 trong 25 mL DR79 & nong dg dau hap phu
khac nhau; (b), (c), (d), va (e) lan lwot la quy ludt dong hoc hap phu theo cdc mé hinh bdc 1, bdc 2, khuéch
tan noi hat va Elvovich
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Bang 2. Cac tham ) dong hoc cua qua trinh hap phu

Co(mg L™ M hinh béc 1 M0 hinh béc 2
de(Mmgg?) ki (phut) R? Ge(Mgg?)  kp(phit'L mg™) R’
40 11,08 0,0300 0,9773 46,53 0,0043 0,99767
50 16,27 0,0222 0,96745 41,51 0,0048 0,99459
60 18,88 0,0330 0,98173 34,84 0,0063 0,99906
Co(mg L™ Mb hinh Elovich M6 hinh khuéch tin ndi hat
a p R Kig C R
40 2427,633 0,335121 0,91884 1,2155 22,805 0,95491
50 895,1712 0,253775 0,95587 1,6055 25,087 0,99408
60 236,6385 0,186425 0,96319 2,1396 25,630 0,95998
o P TR (b)
65 \ / 48 081 = 001759 +0.13985
g ol . ) “ ol R? = 0.9986
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Hinh 5. (a) S phu thudc cia hiéu sudt va dung lwong hap phu vio nong do dau va dwong dang nhiét hap
phu (b)Langmuir, (c) Freundlich va (d)Temkin cua ZF4 doi véi DR79

Bdng 3. Cdc hang so ciia cdc mé hinh hdp phu

ddng nhiét
) Omax KL RL Rz
Langmuir  (mg/g)
56,85 0,126 0,102  0,9986
) Ke 1/n - R?
Freundlich
18,14  0,2649 - 0,96481
) A B br R?
Temkin
2,0793 10,82 228,98 0,98123
4. KET LUAN

Cac hat naono Fe;.xZnyFe,O4 (x = 0-1) c6
céu trac spinel di dwoc tong hop thanh
cong bang phuong phap dong két tua. Cac
két qua phén tich dic trung mau nhu SEM,
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TEM, XRD, Raman, BET chi ra ring
Zn(IT) da dugc két hop ngiu nhién trong
tinh thé Fes04. Cac két qua nay ciing cho
théy su hinh thanh cac hat nano cuc nho
do qua trinh tao mam dot ngdt ¢ nhiét do
cao. Hiéu suét hép phu cua Fej.xZnyFe;O4
ddi véi DR79 dat dugc cao nhit & x=4.
Két qua thuc nghiém trén mau tét nhat nay
cho thdy & pH 3, thoi gian khudy tron 13
120 phdt ¢ nhiét 6 phong qua trinh hép
phu 13 hiéu qua nhat. Pong hoc ciia qua
trinh hap phu dwoc khao sat qua 4 mo
hinh: bac nhét, bac 2, Elovich va khuéch
tan ndi hat trong d6 moé hinh bac 2 1a phu
hop nhit. Pang nhiét hdp phu duogc



nghién ctru qua 3 md hinh Langmuir,
Freundlich va Temkin; md hinh Langmuir
1a phu hop nhit. Dung luong hip phu cuc
dai theo m6 hinh Langmuir dat 56,85 mg/g
& 298K. Nhitng két qua thu duoc ndy mo
ra mot huéng di diy hira hen trong linh
vuc xtr ly moi truong trong tuong lai.

LOI CAM ON: Nghién ciru nay duoc tai
trg bdi Truong Pai hoc Su pham - Pai hoc
Thai Nguyén, thudc dé tai cap co so, ma
s6 TNUE-2023-04.

Cam két: Toi xin cam doan day la cong
trinh cua ching toi va chua guri dang noi
dung nay ¢ bat ky tap chi nao.
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