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analyzed using XRF with the content of SiO,; Al,O; and Fe,O3 of
Adsorption 41.11%; 27.75% and 30.78%, respectively. Moreover, the evaluation of
Crystal violet crystal violet (CV) removal was implemented at pH ~ 7, CV dosage of

0.75 g/L, initial CV concentration of 100 mg/L and contact time of 30
. minutes, the adsorption capacity and efficiency were 103.37 mg/g and
Tetraethyl orthosilicate 70.64%, respectively. The CV adsorption fitted with the Sips isotherm
Zeolite/MNPs model and Elovich kinetic model. The adsorption mechanism is mainly to
adsorb on the surface heterogeneously and a physical adsorption. The CV
adsorption efficiency decreases from 70.64% to 42.26% after 5 cycles.
The above results also reveal a potential application of zeolite/ MNPs
composite towards the wastewater treatment including organic dyes.
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THONG TIN BAIBAO TOM TAT
Ngay nhdn bai:  23/0/2023 Nghién ctru nay gidi thiéu quy trinh tong hop composite zeolite/MNPs
o don gian ¢ dieu kién tong hop: ty I¢ khoi lugng gitra MNPs:zeolite = 1:4
Ngay hoan thign: 17/10/2023 (y 1)ty & ethanol:H,0 = 10:1 (vAv), 5 mL tetraethyl orthosilicate
Ngay dang: 18/10/2023 (TEOs), 90°C va 4 gid. Cac phuong phéap phan tich XRD, FTIR va SEM
nhim xac dinh su hién dién cia MNPs va zeolite v6i hinh dang, kich

TU KHOA thudc va sy phan bé kha ddng déu. Thanh phan hoa hoc cua composite

- dugc phan tich bang XRF véi ham lugng SiO,; Al,O; va Fe,Os la
Hap phu 41,11%; 27,75% va 30,78%. Danh gia kha nang xtr 1y crystal violet (CV)
Crystal violet dugc thyc hién ¢ diéu kién pH ~ 7, khdi lwgng composite 0,75 g/L, ndng

O 2 Cn dd CV 100 mg/L va thoi gian 30 phut, dung luong va hiéu suat hap phu
M hinh dang nhiét Sips lin luot 1a 10%,37 mg/g v 70,64"2. Qué trinh hé§ phu CV phu hqr;) o
Tetraethyl orthosilicate mé hinh ddng nhiét Sips va mé hinh dong hoc Elovich. Co ché cia qua
Zeolite/MNPs trinh 14 hip phu trén bé mat khong dong nhit va hap phuy vat ly. Hiéu suat
hip phu CV cua composite giam tir 70,64% dén 42,26% sau 5 chu ky.
Céac két qua trén ciing cho thdy tiém ning ung dung cia composite
zeolite/MNPs trong xir Iy nuéc thai chira thude nhugm hiru co.
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1. Gigi thigu

O nhidm ngudn nudc ngay cang trd nén nghiém trong hon, trong d6 6 nhidm thudc dét nhuom
s& gy mat my quan va anh huong 16n dén méi trudng sinh thai. Crystal violet (CV) la thubc
nhudm cation duoc str dung rong rai trong cic nganh cong nghiép dét nhuom, khi tiép xtic truc
tiép c6 thé giy nguy hai cho sinh vat va con ngudi nhu dot bién, nhidm tring mau, va ung thu
[1], [2]. Céc phuong phap xtr Iy nudc thai hién nay 1a phuong phép hoa hoc, xuc tac, hap phuy,...
trong d6, hap phu 14 phuong phap pho bién do xur Iy 6 nhiém hiéu qua, quy trinh don gian va gla
thanh hop ly [3]. Vat liéu Fe;O, (MNPs) duoc nghién ctru va ung dung trong xir Iy 6 nhiém
ngudn nuéc do dién tich bé mit riéng 16n, dé thu hoi, nhung han ché 1a dé bi két ty va oxy hoa
nén ching thuong dugc chie nang hoa bé mat nham khic phuc cac nhuge diém trén [4], [5].
Zeolite vai cau trac rdng xOp va c6 kha nang xu ly hiéu qua cac loai thudc nhudém va kim loai nang;
nhung zeolite ¢6 kich thudc hat nhé nén rat kho thu hdi sau khi hap phu [6] - [8]. Su két hop gilra
zeolite va MNPs nhiam ting cuong kha ning xtr 1y ctia ching ddi Vi thubc nhuom va thu hoi vat
lieu dé dang bang tir trudng ngoai. Nhidu cong trinh nghién ctru d4 tong hop composite tir MNPs va
zeolite dé xtr Iy thudc nhugm funshin, Zn®* va methylene blue [3], [9]. Nghién ctru nay nham tong
hop zeolite/MNPs dura trén tién chét tetraethyl orthosilicate (TEOs) bang su dinh két bé mat. Kha
nang hap phu CV ciia composite duoc danh gia va co ché cua qua trinh hap phu dugc du doan bang
c4c md hinh dang nhiét hap phu Langmuir, Freundlich, Sips, Temkin va Redlich-Peterson va dong
hoc gia kién bac 1, bac 2, Elovich, dong hoc khuéch tan ndi hat.

2. Phuong phap nghién ciu
2.1. Hod chat

Céc hoa chat duoc sir dung trong nghién ciru c6 do tinh khiét cao va c6 ngudn goc tir Xilong
nhu iron (III) chloride hexahydrate 99%, iron (II) chloride tetrahydrate 98%, ammonia hydroxide
25-28%, sodium hydroxide 96%, bot nhom 97%, TEOs 98%, ethanol 96%, hydrochloric acid 36-
38%, potassium hydroxide 90%, CV 99% va potassium chloride 99%.

2.2.Téng hep vt liéu composite zeolite/MNPs

Quy trinh tong hgp MNPs dugc thuc hién biang phuong phiap ddng két tua & ty 1& mol
Fe?*:Fe*:NH; = 1:2:8, 80°C, 1 gio, khuay 300 rpm va suc khi N, [10]. Zeolite duoc tao thanh voi
ty 18 mol SiO,:Al,0; = 4, 90°C, 4 gid [6]. Quy trinh tong hop composite zeolite/MNPs dugc ké
thira va phat trién thém & phan tao thanh zeolite tir tién chat TEOs [11] va duogc thyc hién o ty 1é
khéi luong MNPs:zeolite = 1:4 (w/w). H3n hop ethanol:H,O véi ty 18 10:1 (v/v), a (g) MNPs, 5
mL dung dich TEOs va 25 mL dung dich NaOH 10% duoc siéu am trong 30 phat. Dung dich
NaAlO, (25 mL) dwoc phdi tron vao dung dich trén dé thu dugc hdn hop gel. Sau 2 gio khudy &
50°C, hon hop nay dugc gia nhiét dén 90°C va khudy 4 gio. Hon hop huyén phu duoc loc rira voi
nudc Ccat va ethanol 96% dén pH trung tinh, sau khi sdy thu duoc zeolite/MNPs. Vit liéu
MNPs/SiO, duoc tdng hop tuong tuw nhu quy trinh trén nhung chi dirng lai & phan thay phan
TEOs trong dung dich NaOH va siéu am trong 30 phit. San pham duogc tach, rira dén pH trung
tinh va sdy dé thu duoc MNPs/SiO, va 1a mau dbi ching dé danh gia higu qua hap phu CV so véi
MNPs va zeolite/MNPs.

2.3.Ddnh gid tinh chdt ciia vt ligu composite zeolite/MNPs

Cac phuong phép phén tich dugc su dung: nhiéu xa tia X (XRD) (Empyrean, PANaIyticaI)
phd hong ngoai. bién ddi Fourier (FTIR) (MIR/NIR Frontier, PerkinElmer), dién tich bé mat riéng
va thé tich 15 réng (BET) (Nova 1000e), quang phd huynh quang tia X (XRF, XRF-1800), kinh
hién vi dién tir quét (FE-SEM) (Hitachi S-4800) dé xac dinh dic trung va ciu trac cia
zeolite/MNPs.
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2.4.Danh gia hi¢u qud xir ly CV cia composite zeolite/MNPs

Diém dang dién cua zeolite/MNPs (pH,c) dugc xac dinh bang su chénh léch pH giira dung
dich trude va sau khi ngdm 0,02 g composite trong 20 mL dung dich KCI 0,1 M, pH cta dung
dich dwoc diéu chinh tir 2-12 bang KOH 0,1 M hoic HCI 0,1 M sau 24 gio. Cac yéu t6 anh
huéng dén qua trinh hap phu CV: pH 5-9; khéi lugng vat liéu 0,25-2,0 (g/L); ndng d6 dung dich
10-200 (mg/L); va thoi gian 15-2880 (phut). Anh huéng cua pH dugc thuc hién tai pH 5-9, khdi
luong vat liéu 1,0 (g/L), nong d6 dung dich 25 (mg/L) va thoi gian 30 (phiit); cac yéu té con lai
dugc khao sat twong ty. Cac thi nghiém caa nghién ctru dugc 1ap lai téi thiéu ba lan dé dam bao
d6 chinh xac ctiia phép do. Nong d6 CV trudc va sau khi hip phu duoc xac dinh bang thiét bi
UV-2800 ¢ bude song A = 590 nm. Dung lwong hap phu g; (mg/g) va hiéu suat hap phu H (%)
duoc tinh toan:

Co—C) XV
Qe = % (D

m

Hzco_ct

x 100 (2)

Vv6i C, (mg/L) va C; (mg/L): ndng do ban d%u va ndng d6 & thoi gian t; V (L) 1a thé tich dung
dich va m (g) 1a khdi luong chat hap phuy. Qua trinh giai hip phu CV cua zeolite/MNPs duoc thyc
hién voi dung dich NaOH 0,5 M & ty 1¢ ran: long = 0,75:1 (w/v) trong 30 phut [12]. Sau khi gidi
hap, composite dugC ria dén pH trung tinh va sy. Diéu Kién thi nghiém vé kha ning tai sir dung
dua trén diéu Kién téi wu ciia qua trinh hap phy.

3. Két qua va thao luan
3.1. Tinh chit ciia MNPs, zeolite va composite zeolite/MNPs

Hinh la trinh by cac peak dic trung ctia MNPs ¢ goc 2 theta: 30,48°; 35,63°; 43,25°% 57,22°
va 62,79°, phu hop véi thé chuan (JCPDS, 01-072-2303) ¢6 cudng d6 nhidu xa 6n dinh ching t6
MNPs c6 céu triic spinel nghich d4o véi cau trac lap phuong tim mat [10]. Cudng do peak cua
MNPs/SiO, giam so véi MNPs va khong thdy cac peak dic trung cua SiO,, chung té SiO, chu
yéu & dang v6 dinh hinh [13]. Cac peak dic trung cho SiO, xuit hién & mot day rong véi goc 2
theta: 10-20° nhung cudng do khong cao [11]. Zeolite va zeolite/MNPs dugc tong hop trong
nghién ciru ndy c6 cac peak dic trung va phu hop véi the chuan caa zeolite NaA, NaX va NaP1
tuwong tng (JCPDS, 38-0237, JCPDS, 43-0142 va JCPDS 39-0219) [14]. Cac dinh nhiéu xa cta
zeolite duoc tim thiy & cac goc 2 theta: 6,12° va 23,31° (zeolite NaX); 7,18% 10,17°% 12,46°
23,99°, 29,94° va 34,18° (zeolite NaA); 21,67° (zeolite NaP1). Bdi voi composite zeolite/MNPs,
cuong do cua cac peak dic trung cho zeolite giam ddng loat, mot vai dinh nhidu xa bi mit di tai
goc 2 theta 11,73° va 20,07° (zeolite NaX) va 16,11° (zeolite NaA) c6 thé 1a do sy che chén cua
cac hat MNPs. Nhin chung, cic peak dic trung cia MNPs va zeolite déu xuat hién voi cuong do
kha cao va rd rang, chirng minh sy hién dién ddng thoi cia MNPs va zeolite trong composite.
Zeolite/MNPs va MNPs ¢6 tinh thuan tir va do tir hoa bao hoa lan lugt 1a 10,22 emu/g va 72,23
emu/g (Hinh 1b), do tir hoa bdo hoa nay giam la vi MNPs dugc dinh két 1én zeolite va phu hop
v6i nghién ctru vé MNPs/zeolite/cellulose (~ 13 emu/g) [8].

Hinh thai cua MNPs, zeolite va zeolite/MNPs (Hinh 2) cho théy c6 su két tu gitra cac hat
MNPs hinh céu 1a do kich thuéc cua chung rat nho [11]. Su xuit hién ddng thoi cua cac loai
zeolite NaX, NaA va NaP1 dan dén hinh dang va cdu tric dic trung riéng cua mdi loai zeolite s&
khong duoc thé hién 15 rang [15]. Zeolite/MNPs c6 dang hinh cau, kich thudc va d phan bd hat
kha dong déu, 6n dinh va khong c6 su két tu so v6i MNPs. Thanh phan héa hoc cua composite
dugc xac dinh bing XRF gom SiO,; Al,O5; Fe;0s lan luot 1a 41,11%; 27,75%; 30,78% va thanh
phan khac chiém 0,36%. Két qua nay cho thiy composite ¢6 sy ton tai ctia cac thanh phan chinh
ciu tao nén zeolite va phan trim MNPs phu hop véi ty 1& phéi tron ban dau, ching t6 MNPs van
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dugc bao toan sau khi tong hop. Co ché dinh két gitta MNPs va zeolite dwoc dé xuat nhu sau:
Céc hat MNPs tao thanh ¢6 bé mat ky nude va ¢ su két tu giita cac hat, duogc chirc ning hoa
bang vat liéu SiO, qua qué trinh sol-gel (TEOs bj thity phan trong NaOH), xay ra sy twong tac
ion gitra Si** va MNPs tao nén lién két Si-O-MNPs. Khi dung dich NaAIO, dugc thém vao dung
dich, zeolite hinh thanh va dinh két véi cac hat MNPs tao thanh vt liéu zeolite/MNPs [16].
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Hinh 1. Két qua XRD cua MNPs; MNPS/SiO,, zeolite/MNPs va zeolite (a) va Puong cong tir héa cia
zeolite/MNPs va MNPs (b)

Hinh 2. Két qua SEM cua vt liéu zeolite, MNPs va composite zeolite/MNPs
3.2. Pdnh gid khd ning hap phu CV ciia composite zeolite/ MNPs

Diém dang dién cua zeolite/MNPs 14 6,33, c6 nghia 1a bé mat composite dién duong khi pH <
6,33 va nguogc lai. Kha nang hap phu CV cua cac loai vat liecu MNPs, MNPs/SiO, va
zeolite/MNPs ¢ nhiing ndng d6 CV khac nhau dugc trinh bay trong Hinh 3. O 10 mg/L, cac vt
liéu trén déu hap phu CV vai hiéu suat lan luot 14 50,25%; 88,96% va 96,98% nhung hiéu suét
nay chi dat 8,29%; 38,95% va 54,42% & ndng d6 100 mg/L. MNPs khong thé xir 1y ion CV &
nong d6 cao do su két tu gitra cac hat vat liéu va tdm hip phu ciia chung da bi che khuat mot
phan. Khi gin két vai SiO,, kha ning hap phu ciia composite duoc cai thién do duge phan tan tot
hon [5], nhung nhin chung hiéu suat hap phy van con thap. Hiéu suat xtr Iy CV cua zeolite/ MNPs
da cai thién so vdi MNPs va MNPs/SiO, nho sy hd trg cia zeolite. Ngoai ra, zeolite cling gitp
han Che qué trinh két tu cta cic hat MNPs va kha niang hap phu duoc tang cuong 1a do cau triic
réng x6p va cac tuong tic xay ra trén bé mat cia zeolite [9]. Cac ket qua thyc nghiém chang
minh zeolite/MNPs c6 kha nang xtr Iy CV véi hiéu suit hon 90% & ndng do thap (10 mg/L va 25
mg/L) va trén 50% & nong d6 100 mg/L.
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Kha ning hap phu CV cua zeolite/MNPs & pH 5-9 khong cé su thay doi dang ké (88,87—
96,64%) (Hinh 4a). Do CV la thubc nhudm cation va & pH thap s& co sy canh tranh giita cac ion H'
va céc ion CV™; ; ngoai ra, bé mit composite tich dién duong din dén qua trinh hip phu dién ra kho
khan hon [17]. Dé qua trinh hap phu xay ra thuan lgi, pH 7 (pH > pH,,c) dugc lua chon cho cac
khao sét tiép theo. Higu suat hap phuy tang tir 76,90% 1én 95,66% nhung dung luong hap phu giam
tir 82,44 mg/g dén 12,82 mg/g khi tang khdi lugng vat liéu (Hinh 4b). Vi khi khdi lwong chét hap
phu ting s& lam ting cac tAm hoat dong cia composite [2]. Dung lwong hap phu dat cyc dai tai 0,25
/L nhung hiéu suit chi dat 76,90% nén khdi lugng vt liéu 14 0,75 g/L duoc lya chon.
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Hinh 3. Khd nang hép phu CV cua cac vdt ligu MNPs, MNPs/SiO; va zeolite/MNPs,
nong dg CV = 10— 100 mg/L, pH 7, khoi lwong vdt liéu 1 g/L va thoi gian 30 phiit
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Hinh 4. Anh huong ciia pH (a), khoi lwong vat liéu (b), nong dp CV (c) va thoi gian hdp phu (d)
dén qud trinh hap phu CV ciia zeolite/MNPs
Sy anh huong cua ndng d6 CV dén qua trinh hip phy cua composite dugc mo ta & Hinh 4c,
V6i hiéu suat giam tir 88,46% dén 35,29%. Dung luong hip phu ting tir ndng d6 10-100 mg/L va
giam nhe tir 100-200 mg/L. O ndng d6 CV cao, mat do cua cac phan tir CV nhiéu va canh tranh
dé hap phy 1én composite, nhung s6 tim hoat dong ¢ dinh dan dén hi¢u suat giam [2]. Hi¢u suat
hip phu & ndng do 100 mg/L chi thip hon 1,25 1an so véi hiéu suat & nong d6 10 mg/L nén dé
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dam bao hiéu suét xir Iy CV trén 70% ma dung lwong hap phu van cao, ndng d6 CV 100 mg/L
dugc lya chon. Anh huong cua thoi gian tiép xuc giita composite va CV duoc thuc hién tir 15 dén
2880 phut (Hinh 4d) v6i hiéu suat ting nhanh trong 15 phut dau tién dat 63,66% va ting dén
96,60% sau 2880 phut. Kéo dai thoi gian tiép xtc dén 2880 phut, hiéu suat chi ting 26,87% (so
v6i 30 phut) nén 30 phat 1a thoi gian thich hop.

Bang 1. Tham s6 Cia cdc mé hinh dang nhiét

Mo hinh Cong thirc Gia tri tham sé Y nghia tham s6
1 = Amax X Ky, X Ce 3) R?=0,93 Qe VA qmax (Mg/g): dung luong
Lanamuir € 1+ K, X C, K. =0,16 (L/mg) hap phu can bang va cuc dai
Y . 1 @ Omax = 240,17 (Mg/g) K (L/g) va Ry: hang 6 va
71+ K, xC, 0,004 <R, <0,0864 tham so Langmuir
R*=0,95 s .
: 1 Y Ke (L/g): hang so Freundlich va
Freundlich qe = KeCg (5) rlfF:_?_%Gl’% (L/g) n: cuong do hap phu
R*=0,99 %
% ae X CD _ Qs (mg/g): dung lugng hap phu
Sips Qe = % (6) aQS: 0322’51 (mg/g) cuc dai cua md hinh Sips
tagXle nS: 061 as van: hang so va so mi Sips
R = 8,314 (J/mol.K)
R xT R?=0,91 T (K): nhigt d¢ thi nghigm
Temkin Qe = x In(K7C.) (7)  Ky=19,12 (L/g) Kt (L/g) va b (J/mol): hang so
b =80.80 (J/mol) Temkin va hang s6 nhiét hap
phu Temkin
Kg X C R =0,96 . S
Redlich- Qe = ﬁ 8) Kg = 153,15 (L/g) Kr (L/g) va a (L/mg): hang so6
Peterson e a = 1,49 (L/mg) R.ed!|ch:P§tersoAn .
8=0,77 B: s0 mil cia mo6 hinh
Bang 2. Tham sé Ciia cdc mé hinh djng hoc
M&b hinh Céng thic Gia tri tham so Y nghia tham s
0e va qt (mg/g): dung luong
2 hép phu cén bang va tai thoi
bong hoc R"=0,64 diémt

Qe = qe X (1 —ekXD) (9)  k; = 0,04 (1/phit)

4. = 139,61 (/o) k: (1/phtt): hing sb téc do

hap phu gia kién bac 1
t (phat): thoi gian hap phu

gia kién bac 1

R*=0,79 k, (g/mg.phut): hang so toc

bong hoc Qe X kp X t , A & AT S
A A Qe =————— (10) k»=0,0008 g/mg.phtit)  d¢ hap phu gia kién bac 2
gia kién bac 2 1+q2xk, xt 4. = 137,03 (mglg)
Pong hoc 1 R?=0,958 a (¢/mg.phit) va B (mg/g):
Elovich. gt = =X In(ax B) (11) B =0,10 g/mg toc do hap phu ban dau va
B o= 10000 mg/g.phat  hing s Elovich
A _ Ki (mg/g.phut”?) va C;
DPong hoc B 05 R?=0,903 N PSP Sy
khuéch tan Qe =K<t +G (12) Ki = 1,035 mg/g.phat"? (krf?L?{gil thangA IS?] t;)C ‘dﬁ;n
noi hat Ci=99,3 mg/g cch tan nol flat va hang

s6 d6 day 16p bién

Trong nghién ctru nay, 0 <R < 1 (Bang 1) cho thiy qua trinh hap phu CV cta composite la
thuan loi theo mo hinh Langmuir. Hang s ng = 2,91 tu’ md hinh Freundlich chi ra sy khong ddng
nhét cua bé mat composite [1]. Theo md hinh Sips, R? = 0,99, Qs = 333,51 (mg/g) va as = 0,22,
du doan co ché cia qué trinh hap phu CV Xay ra trén bé mat khong dong nhat vé mat nang lugng
va cac phan tir CV phéan bd khong dong déu trén bé mat caa composite. Gia tri b < 8 kJ/mol cua
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md hinh Temkin cho thay day 1a qua trinh hap phy vat 1y [1]. Hé s6 p cia md hinh Redlich-
Peterson tién dan vé 1 ching to qua trinh hap phu huéng dén mé hinh Freundlich [1]. Cac md
hinh 1y thuyét cho thiy qué trinh hap phu CV cua zeolite/MNPs tuan theo mo hinh Sips va qué
trinh hap phu dién ra hiéu qua [3].

Hé s6 hdi quy caa md hinh dong hoc bac 1 < bac 2 < khuéch tan ndi hat < Elovich (Bang 2).
V6i hé s6 R? thap, qua trinh hap phu CV cua zeolite/MNPs khong phu hop voi hai mé hinh dong
hoc bac 1 va bac 2 nhung mé hinh Elovich va khuéch tan noi hat co R? cao. Téc d6 hap phu ban
dau a caa dong hoc Elovich cao nén su khuéch tan cua cac ion CV* 1én bé mit composite dién ra
trong thoi gian dau, sau d6 véi téc d6 chdm hon va dat can bang ¢ 2880 phut. Hé s6 R? cia mo
hinh Elovich cao nhit cho thy c6 sur twong tac hoa hoc giira composite va CV [18]. Co ché hap
phu dua trén luc hut tinh dién hay lién két hydro gitra zeolite/MNPs va ion CV" [5], [8].

Céc dao dong dic trung ctia composite trudc hip phu, sau hip phu va sau khi giai hip phu
(Bang 3 va Hinh 5) Véi cac sb song tir 3445,0-3450,3 cm™ 1a sy xuat hién cua lién két O—H
(H,0). Dao dong dic trung ciia mot s6 nhom chirc trong zeolite & cac sd song 1643,5-1648,6 cm’
' 981,4-983,5 cm™; 746,3-779,1 cm™; 664,0-664,4 cm™ va 459,0-456,4 cm™ [19]. Dao dong
cia lién két Fe—O trong MNPs duoc quan sat & sb song 459,0-456,4 cm™. Pho FTIR cua
zeolite/MNPs (Hinh 5b) cho thay sy mat di ctia dao dong tai s6 song 746,3 cm™ 1a do ion CV* da
tuong tac v6i lién két T-O-T va tao thanh lién két T-O-CV"* [8], [19]. Cac sb song & 1589,2—
1592,1 cm™ va 1368,3-1381,6 cm™ 1a cac dao dong cua lién két N-H va C—H cua CV [20],
chung té composite da hap phu cac ion CV*. Su xuat hién cua nhém chiic T-O-T tai s song
779,1 cm™ (Hinh 5c¢) 1a do trong qué trinh giai hap mot s6 ion CV* da bi day ra khoi composite.
Kha ning tai sir dung cua zeolite/MNPs sau hai chu ky hdp phu, hiéu suat giam khong dang ké tir
70,64% dén 61,75% (Hinh 6). Tuy nhién, sau khi tiép tuc tai str dung vat liéu dén lan thir nam thi
hiéu suat giam nhiéu tir 70,64% dén 42,26% va co thé sé& tiép tuc giam néu nhu tai sir dung &
nhiing lan ké tiép.

6643 4553

(c)

1648.3 \
[ 1368.3 \|

(b) 34450 456,00

16486

3445,1

% Transmittance

9824

™3450,3

4000 BSIDO BDIDD ZSIOD 2{)'00 t5I00 IOI{)D 500
S8 séng (cm™)
Hinh 5. Két qua FTIR cuia zeolite/MNPs truéc hap phu (a), sau hap phu (b) va sau khi gidi hap phu (c)

Bang 3. Bang liéz ké mét sé dao dong ddic trung ciia cde composite trudc, sau hap phu va sau khi giai hap phu

Nhom chuc

S6 song (cm™) Zeolite/MNPs Zeolite/MNPs Zeolite/MNPs
truéc hap phu sau khi hip phu sau khi giai hip phu
3445,0 — 3450,3 O-H (H,0) O-H (H,0) O-H (H,0)
1643,5 — 1648,6 O-H (Si-OH) O-H (Si-OH) O-H (Si-OH)
1589,2 — 1592,1 - N-H (CV) N-H (CV)
1368,3 — 1381,6 - C-H (CV) C-H (CV)
981,4 - 983,5 Al-O-Si (zeolite) Al-O-Si (zeolite) Al-O-Si (zeolite)
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Nhom chirc

S6 séng (cm™) Zeolite/MNPs Zeolite/MNPs Zeolite/MNPs
truéc hap phu sau khi hap phu sau khi giai hap phu
746,3-779,1 T-O-T (zeolite)” - T-O-T (zeolite)”
664,0 — 664,4 T-O (zeolite)” T-O (zeolite)” T-O (zeolite)”
559,0 — 560,4 Fe-O (MNPs) Fe-O (MNPs) Fe-O (MNPs)
459,0 — 456,4 T-O (zeolite)” T-O (zeolite)” T-O (zeolite)”
T: si hoac Al

Bang 4 trinh bay kha niang hap phu CV ciia mot sé vat liéu o nhitng diéu kién khac nhau.
Dung luong hap phu cua vat liéu zeolite/MNPs trong nghién ctru 1a 103,37 mg/g cao hon vat liéu
MNPs/pectin ¢6 dung luong 1a 100 mg/g [S]. Dung luong hip phu cua zeolite/ MNPs thap hon so
v6i mot so loai vat li¢u khac nhu MNPs/SiOz/pectin va zeolite ZSM-5 [5], [17]. Tuy nhién, diéu
kién hap phu cua nghién ctru ndy ¢ pH ~ 7 va thoi gian hap phu ngan hon nhiéu so véi cac vat
liéu khac. Ngoai ra, khdi luong vt liéu it hon (0,75 g/L) so véi cac nghién ctru trude day ciing 1a
diém ndi bat cua composite zeolite/MNPs. Qua d6, co thé thiy ring vat liéu zeolite/MNPs c6
tiém nang xr Iy nude thai chira cac loai thudc nhuém hiru co, cu thé 1a CV.

100

80 1

60 1

H(%)

40 +

20 A

$6 lin hap phu
Hinh 6. Hiéu sudt hdp phu CV sau khi gidi hap cia composite zeolite/MNPs
Bang 4. Bang so sanh kha nang hap phu giira vat liéu zeolite/MNPs va cdc vat liéu khdc

Piéu kién hap phu

Vit ligu pH  Khdilwgng Ndngdp CV Thoi gian (r?]mjx) TLTK
vatligu (/L)  (mg/L) (phiit) 99
MNPs/pectin 8 4 100 120 100 [5]
MNPSs/SiO,/pectin 8 4 100 120 125 [5]
Zeolite ZSM-5 8 2 50 120 141,80 [17]
Zeolite ZSM-5/chitin 8 2 50 120 1217,30 [17]
Zeolite/MNPs 7 0,75 100 30 103,37  Nghién clru nay

4. Két luan

Nghién ciru da tong hop dugc zeolite/MNPs, cac dinh nhidu xa va dao dong dic trung cta vat
liéu dugc xac dinh bang phuong phap XRD va FTIR. Cac hat composite c6 dang hinh cau, kich
thudc kha dong déu va thanh phan hoa hoc dugc phan tich bang phuong phap XRF. Trong
nghién ctru ndy, composite c6 thé xtr 1y hiéu qua thudc nhuém CV voi dung lugng va hiéu suat
hap phu 1a 103,37 mg/g va 70,64% & pH 7, khdi lugng vt liéu 0,75 g/L, ndng d6 CV 100 mg/L
VGi thoi gian 30 phat. Qué trinh hap phu phu hop voi mé hinh dang nhiét Sips va mé hinh déng
hoc Elovich véi co ché 1a hap phu trén bé mat khong dong nhat va hap phu vat ly. Kha nang tai
sir dung cua composite duge danh gia qua nam chu ky, hiéu suat giam tir 70,64% dén 42,26%.
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