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Toém tat

Vit liéu MnFe;,Oy/bentonite dugc diéu ché bang phuong phap hoa hoc uot, san pham dwgc xdc dinh
bang phirong phap nhiéu xq tia X va dwong dang nhiét hap phu/gidi hap Pphu nitrogen. Mot 0 yéu té anh
hieong dén qud trinh hap phu MB cua vt lieu nhu pH, nong do ban dau, lwong chat hdp Pphu, thoi gian va
nhiét dé dwoc khdo sdat. Két qua cho thdy, dung hrong hdp phu thuéc nhuém ting khi nong do, thoi gian
tié'p xuc, pH va nhiét do tang. Pong hoc hép phu MB trén vat liéu diéu chéphb‘t hop voi mo hinh dong hoc
biéu kién bdc hai. Puong dang nhiét hdp phu tudn theo mé hinh ddng nhiét Langmuir voi dung luong hdp
phu xanh methylene cyc dai la 119,05 mg/g 6 323K. Qua trinh hdp phu MB ciia MnFe;O,/bentonite la qua
trinh thu nhiét va tw xay ra. Tir cdc két qua cho thdy, MnFe,Q4/bentonite la chat hap phu cé trién vong dé
logi b6 thuée nhuém ra khéi nwde thai mét cach hiéu qud.
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Abstract

The MnFe,O4/bentonite was obtained by wet chemical methods and was characterized by X-ray
diffraction and N,-adsorption/desorption isotherms. Some factors affecting the MB adsorption process of
materials such as pH, initial concentration, adsorbent mass, contact time and temperature were
investigated. The results showed that dye adsorption capacity increased by increasing concentration,
contact time, initial pH and temperature. The adsorption kinetics of MB on modulation materials are
consistent with the pseudo-second-order kinetics model. The adsorption isotherms well followed the
Langmuir isotherm model and maximal adsorption capacity of methylene blue can read 119.05 mg/g at
323K. The adsorption behavior of MnFe,O4/bentonite is an endothermic and spontaneous process. From
the results show, MnFe,O4/bentonite is a promising adsorbent for the efficient removal of dye from

wastewater.

Keywords: Bentonite, adsorption, MnFe,04, MnFe,O4/bentonite, methylene blue.
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1. M& dau

Ngay nay, su phat trién manh m& cua cac
nganh cong nghiép dan dén nguon nudc bi 6
nhidm ho4 chét doc hai. Trong s cac ngudn giy
6 nhiém, thuéc nhuém duoc sit dung rong rai
trong céac nganh cong nghiép dét may, in an, 16ng
vii, m§ phdm va nhya do ban chat mang mau va
cling nhu tinh ning bat nang (Taher, T. et al.,
2018, Taher, T. et al., 2019, Zhang, H. et aI.,
2019). Mot nha may dét ¢ trung binh cd san
luong khoang 8000 kg vai mdi ngay va tiéu thu
khoang 1,6 triéu lit nudc (Peter, U.C. and
Chinedu, U., 2016). Tuy nhién, nudc thai do cac
nganh coéng nghiép nay thai ra chira thudc nhuom
chua qua xir Iy c6 thé giy doc cho con ngudi va
sinh vat thuy sinh, do do6 viéc loai bé ching khai
nuée thdi bi 6 nhidm 1a didu can thiét. Xanh
methylene (MB) 1a mét trong sé céac loai thudc
nhudm thuong gip va dugc st dung phd bién
trong cac nganh cong nghi€p, thudc nhom
thiazine. N6 duoc sir dung trong nhiéu linh vuc
khac nhau nhu 1am chat cam quang, chat chéng
oxy hoa, chat khtr triung, khir vét ban trong céc
mo cua dong vat. MB cling 1a thuc nhudém hiru
co tao mau cho bong, len, soi acrylic va lya. Tuy
nhién, n6 c6 thé gay bong vinh vién cho mét ciia
nguoi va dong vat, gy budn nén, ndén mira, do
mo hoi, gy rdi loan tim than (Dang, T.-D. et al.,
2016, Pang, J. et al., 2019, Peng, H.H. et al.,
2016). Do nhimng tic dong cua MB dén moi
truong, nhiéu nghién citu da duoc thuc hién
trong nhimg nim gin diy dé lam giam ham
lugng MB trong nudc thai trude khi thai ra moi
truong (Azha, S.F. et al., 2019, Dang, T.-D. et
al., 2016).

Hién nay viéc xtr ly nudc thai chira nhiéu
thanh phan thuong duoc st dung cic phuong
phap khac nhau nhu hap phu, xtc tac, oxy hoa
dién hoa, ozone hoa, loc mang, xir Iy sinh hoc va
enzym di dugc st dung dé loai bo cac thanh
phan 6 nhiém trong nudc thai (My Linh, N.L. et
al., 2020). Trong s6 cac phuong phap do, qua
trinh hép phu duogc coi 1a mdt trong nhitng qua
trinh phd bién nhat dé loai bd cac chit 6 nhiém
nay khoi nudc vi dé van hanh, tinh kha dung,
thiét ké don gian... Than hoat tinh thudong dugc
sir dung 1am chét hap phu do kha ning hap phu
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cao, dién tich bé mat 16n, cdu trac vi xop va bé
mat hoat dong. Tuy nhién, than hoat tinh c6 chi
phi cao va mét chat trong qua trinh tai tao. Vi ly
do nay, nhiéu nha nghién ctru chuyén hudng
sang cac san pham thay thé hiéu qua va chi phi
thip nhu than gao dira (Tan, |. et al., 2008), tro
bay (Janos, P. et al., 2003, Visa, M. et al., 2011)
va dat sét (Bellifa, A. et al., 2017, Hashem, F.,
2012, Niu, S. et al., 2021). Cac nha nghién ctru
dang tdp trung vao khao sat cac Uing dung cua
khoang sét do chi phi thap, ham lugng doi dao,
khong doc, 6n dinh va dung lugng trao ddi ion
cao. Mot s6 khoang chét dat sét nhu bentonite
(Belachew, N. and Bekele, G., 2020, Taher, T. et
al., 2017), montmorillonite (Mahmoudian, M. et
al., 2018), zeolite (Madan, S. et al., 2019),
diatomite (Sun, Z. et al., 2017) va cao lanh (Niu,
S. et al., 2021) di duogc bao cao vé viée loai bod
thubc nhudm khoéi nudc thai. Trong sb6 vat liéu
nay, bentonite dugc ch y nhiéu hon do kha ning
hap phu cao, ham luong doi dao, chi phi thap va
khong doc cho moi truong.

Adeela Kanwal va cong sy (Kanwal, A. et
al., 2017) da bién tinh bentonite béng MnFe,0,
va ung dung xir Iy tinh thé violet véi dung lugng
la 49,74 mg/g. Tac gia Z. Sun va cong sy (Sun,
Z. et al, 2017) da tong vat lidu
MnFe,O,/diatomite voi dién tich bé mat cao
(137,16 mz/g) va xu ly hiéu qua xanh methylene
(Omax = 63,98 mg/g). Nhom nghién clru ctia A.
Rahmani va cs. (Rahmani, A. et al., 2017) da
diéu ché thanh cong vat liéu MnFe,O,4/bentonite
v6i kich thude hat nho (50-200 nm) va cé kha
nang xu 1y tot Co(Il) trong nudc. Trong nghién
cuu nay, vat liéu MnFe,O4/bentonite dugc téng
hop, danh gia cdu triic dic trung cia vat lidu
bang phuong phap hoa 1y va tmg dung 1am chét
hap phu dé xir Iy xanh methylene trong nudc.

2. Thuce nghiém, phwong phap nghién ciru

2.1. Nguyén li¢u

Trong nghién cru ndy, ngudn bentonite
dugc st dung la bentonite Binh Thuan (RB) da
qua tinh ché. Mot s6 hoa chit gém MnS0O,.H-0,
Fe2(SO4)s, NaOH, HCl, xanh methylene 1a nhimng

hoa chét sach phan tich (Trung Qudc), duoc sir
dung ma khong can tinh ché b sung.



Tap chi Khoa hoc Pai hoc Bdng Thap, Tap 12, Sé 2, 2023, 66-76

2.2. Phwong phap diéu ché vat liéu
MnFe,O4/bentonite

Phuong phip didu ché vat liéu
MnFe,O,/bentonite dugc tién hanh tuong tu nhu
tac gia Adeela Kanwal (Kanwal, A. et al., 2017)
véi mot sd cai tién sau: 5 gam bentonite dugc
thém vao 100 ml dung dich MnSO, (0,005
mol/L) va Fe,(SO,)s (0,005 mol/L), dun néng va
khudy trén may khudy tir trong 30 phut & 60°C.
Tiép theo, nho tir tir 40 ml dung dich NaOH
1,0M Vao dung dich trén va huyén phu duoc
khuay tiép tuc trong 1,5 gio' 0 nhigt do 80°C.
Cubi cung, chit rin mau ndu sam dugc loc tach
chan khong va rira vai lan bang nudc cit, tiép
theo sdy ¢ 105°C trong 2 gio' thu duoc vt lidu
MnFe,O,4/bentonite. Ngoai ra, mau MnFe,0,
ciing duge diéu ché theo phwong phép tuong tu
nhung khong thém bentonite (ky hiéu mau la
MnFeZO4).

2.3. Phwong phap xac dinh dic trung vat
liéu MnFe,O4/bentonite

Xéc dinh cdu trac tinh thé cua bentonite va
bentonite bién tinh bang gian do nhidu xa tia X
(XRD) trén may D8 Advance-Bruker (Puc) su
dung btrc xa 40 kV, 300 mA, quét tor 10-70°
Dién tich bé mat BET cia cac mau dugc xac
dinh tir duong dang nhiét hap phu/giai hip phu
nitrogen tai 77K trén thiét bi Micromeritics
TriStar 3000 (MY).

2.4. Khiao sat qua trinh hip phu xanh
methylene trén MnFe,O4/bentonite

Lay mot lugng MB hoa tan vao nudc cat dé
c6 dugc dung dich MB voi néng d6 khac nhau
(tir 50-200 mg/L). pH cua dung dich ban dau
duoc diéu chinh béng dung dich HCI 0,1M hodc
NaOH 0,IM. Hiéu qua xi ly MB cua
MnFe,O,4/bentonite duwoc danh gia bdi qua trinh
hap phu MB trong nudc bang cach thém 0,1 gam
vat liéu vao 100 ml dung dich co néng d06 khac
nhau. Sau khoang thoi gian nhét dinh, 1dy 5 ml
dung dich MB hip phu, loc qua gidy loc va lay
phan dung dich phan tich nong d6 MB con lai
bang phd UV-Vis UV2650 (Labomed, Hoa Ky)
véi bude song 665 nm.

Hi¢u suét va dung luong hap phu MB trong
nudc bang vat liéu diéu ché dugc tinh theo cong
thue (1) va (2).

Hoo =S =Ce 10004 )

Q. = =V )

Trong d6, Co (Mg/L) va C. (mg/L) 13 ndng
d6 ctia dung dich MB ban dau va tai cAn bang; m
() 1a lugng chat hip phu duoc st dung; V 1a thé
tich dung dich hap phu (L); H% la hi¢u suat quéa
trinh hap phu; ge (mg/g) 1a dung lugng chat bi
hép phu tinh trén 1,0 gam cua vt liéu.

3. Két qua va thao luin
3.1. Pic trung ciia vat lidu diéu ché

Gian d6 phd XRD duoc sir dung dé phan
tich cac pha tinh thé cua cic miu MnFe,Oy,
MnFe,O4/bentonite va RB. Nhu thé hién trong
Hinh 1a, mau MnFe,O,4 chtra cac pic nhiéu xa &
260 = 18,1°; 30,2°; 35,1° 43,0°; 53,5° 56,8° va
62,5°, dugc gan cho cac mat tinh thé cua spinel
ferrite (111), (220), (311), (400), (422) va (440),
twong tmg. Cac pic nhiéu xa trong mau Hinh la
twong ty nhu cdu tric spinel MnFe,O, (JCPDS
card No. 88-1965) (Zhao, Y. et al., 2017). Dbi
voi mau MnFe,04/bentonite, cac pic nhiéu xa
twong ty RB va MnFe,04 nhung thdp hon vi
cuong do6 pic c6 lién quan dén ham luong
MnFe,0,.
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Hinh 2. Duong ding nhiét hip phu/giai hip phu N,
cia chat hap phu: (a) RB, (b) MnFe,O,/bentonite va
(c) MnFe,O4

Céac duong dang nhiét hdp phu/giai hip phu
N, cua RB, MnFe,0, va MnFe,O./bentonite chi
ra trong Hinh 2 va dudng phan bd kich thude 16
x6p dugc trinh bay trong Hinh 3. Tir Hinh 2 cho
thdy, duong déng nhiét hip phu/giai hip phu N,
cia mau RB, MnFe,0, va MnFe,O4/bentonite
déu thudc loai IV theo phan loai IUPAC, hinh
dang ctia ching dic trung boi sy hap phu don 16p
va da 16p c6 sy ngung tu mao quan cua vat li¢u
mesoporous v&i nhiét hip phu cao trong viing ap
suat P/P°>0,45. Cac mao quan ndy dwoc hinh

thanh do sy sip xép clia cac hat bentonite dang
tam (Zhao, Y. et al., 2017).

DPuong phin bd mao quan ciia mau RB,
MnFe,O, va MnFe,O4/bentonite chi ra trong
Hinh 3 chura cdc mao quan mesoporous co6 kich
thude trung binh 2-10 nm. Dién tich bé mit
BET, thé tich 15 va kich thudc hat trung binh cta
ba vat litu dugc cho trong Bang 1.
MnFe,O,/bentonite ¢6 dién tich bé mat cao hon
(145,10 m?g) va thé tich 16 xdp 16n (0,225
cm®/g) so voi nguyén liéu RB, nhung thdp hon
mau MnFe,0;.

08 4

0.7
0.6

(a) RB

(b) MnFe;0y/bentonite

05 4 (e) MnFe)0y

044

03
P \

21 i),

0.1 e e R 1
o e v . .

Thé tich mao quan (em3/g)

D& rng mao quan (nm)
Hinh 3. Phan bd kich thuéc mao quén cia chit
hap phu: (a) RB,
(b) MnFe,O4/bentonite va (c) MnFe,O,

Bang 1. Cac thong sé dic trung cho tinh chit x6p va ciu tric mao quén ciia RB, MnFe,O, va
MnFe,O,/bentonite

MAu Seer (M) Smic (MYQ)  Sext (M¥g)  V,(cmg) D (nm)
RB 77,09 42,57 34,52 0,081 9,42
MnFe,0, 171,48 56,32 115,16 0,298 6,81
MnFe,O4/bentonite 145,10 20,29 124,81 0,225 7,84

3.2. Panh gia kha nang xi ly MB cua
vat liéu
3.2.1. Anh hwong ciia pH dung dich

Hinh 4 cho thdy anh huong cua pH dung
dich MB ban dau dén kha ning hap phu cua vat
liéu RB, MnFe,O; va MnFe,O4/bentonite. Su
hép phu MB trén MnFe,O4/bentonite cao hon
RB, MnFe,O, & tit ca céc khoang pH nghién
ctu. Dung lugng hip phu MB cia
MnFe,O4/bentonite gap khoang 2-3 1an so véi
RB va MnFe;0, c6 lién quan dén viéc ting dién
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tich bé mit va do nham bé mit do cac hat nano
gy ra. Tuy nhién, sy hap phu MB trén bentonite
bién tinh phu thudc nhiéu vao pH. Kha nang hap
phu tang lién tuc ¢ pH 2-5 va dat 99,85 mg/g &
pH 5. Trong khoang pH 5-10 kha ning hip phu
gan nhu khong thay d6i hodc giam nhe. O cac gia
tri pH thép, sb luong vi tri hép phu tich dién am
giam va so luong vi tri tich dién duong ting 1én,
didu nay khong thuan loi cho sy hdp phu cac
cation thuéc nhudém tich dién dwong nhu xanh
methylene do luc déy tinh dién. Ngoai ra, su hap
phu xanh methylene thip ¢ méi truong acid co
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thé 1a do sy hién dién cta cac ion H" canh tranh
v6i cac cation MB* cho cac vi tri hip phu ¢6 sin
lam giam dung lugng hip phu. Gia tri pH ting tir
2-5 dan dén sy khir ion hoa cac vi tri acid trén bé
mit bentonite, tao ra cac chat mang dién tich am
v6i cac dic tinh hip dan cao. Diéu nay dan dén
tang su khuéch tan cta cac phan tir thudc nhuom
do tuong tac tinh dién cao gitta MB va bentonite
bién tinh (Hashem, F., 2012). O cac gia tri pH
cao hon (>5) khong xay ra hién tuong hip phu
nita, diéu nay co lién quan dén su bao phu hoan
toan bé mat boi cac phan tir xanh methylene.

100 A .
T:',:n 80 re (c) MnFe,;04/bentonite
£ /
S 604
- (b) MnFe, 0,
40
20
0

pH

Hinh 4. Anh huéng pH ciia dung dich MB ban diu
dén dung lwgng hap phu cia (a) RB, (b) MnFe,O, va
(c) MnFe,O4/bentonite

3.2.2. Anh huéng cia lwong chat hdp phu

Anh huong cua lugng chat hap phu MB 1én
vat liéu MnFe,Oy/bentonite dugc chi ra trong
Hinh 5 cho thay, dung lugng MB bi hap phu trén
1 gam chat hip phu giam khi khdi luwong
bentonite bién tinh ting. Vi vay, luong chat hap
phu sir dung tang 1én 2 lan thi dung luong hap
phu giam 50% phu hop véi cac nghién ctru trude
day (Bulut, Y. and Aydin, H., 2006, Hassani, A.
et al., 2015). Khi lugng chat hip phu ting lam
giam do bao hoa céc vi tri hép phu va s6 luong
cac vi tri hdp phu trén mot don vi khéi luong
giam xudng dan dén su hip phu tuvong d6i giam.
Ngoai ra, diéu nay lam giam dong luc cho su hap
phu (néng do phan tir thudc nhudém/ndng do cia
vi tri hép phu), dan dén lam giam sy khuéch tan
thuéc nhudém tur dung dich dén céc tiéu cau chat
héap phu. Ngoai ra, do cac tiéu cau chap hap phu
tap trung qua 16n din dén can tré chat bi hap phu

dén cac vi tri tim hap phuy trén bé mat chat hap
phu (Hashem, F., 2012).
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Hinh 5. Anh hwéng khéi lwvong MnFe,O,/bentonite
dén dung lwgng hs?'\p phu MB
3.2.3. Anh hwéng cua thoi gian va dong hoc
hap phu

Hinh 6 cho thiy anh hudng cua thoi gian
tiép xtGc dén dung lwong hip phu MB cua
MnFe,O,/bentonite. Tir Hinh 6 c6 thé thiy ring
qua trinh hdp phu c6 thé duoc chia thanh ba
bude. Trong budc dau tién, tdc do hdp phu nhanh
va dat dugc 98,7% kha ning hip phu trong vong
20 phut dau tién ciia qua trinh hap phu. Budc thir
hai thé hién giai doan hip phu dan dan tir 20 d&én
60 phut cua quéa trinh hip phu. Trong budc thi
ba, tbc d6 hap phu MB trén MnFe,O4/bentonite
1a cham va dat dén trang thai can béng trong
khoang 90 phut. Su hip phu nhanh chong trong
20 phut dau tién ciia qua trinh hap phu cho thiy
su khuéch tan cao cua cac phén tir thudc nhuéom
vao bé miat bén ngoai cua bentonite bién tinh
hodc 16p khuéch tan ranh gidi giita cac phan tir
chat tan. Tiép theo la su khuéch tan chim dén bé
mat bén trong vat liéu va chit nén xép, trong do
su khuéch tan vao bén trong cac hat co toc do
cham. Vao thoi diém sau do, cac vi tri hép phu
c6 san tré nén it hon, 1am giam tc d6 hip phu va
dat duoc trang thai can béng. Vat liéu
MnFe,O,/bentonite c6 kha ning xir 1y tt MB 1a
do su keo tu giam, tao dién tich bé mit 16n cho
su khuéch tan cua chét bi hép phu dén vi tri cac
tam hap phu cta vat liéu (Zhao, Y. et al., 2017).
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Hinh 6. 'Anh hwéng ciia thoi gian dén dung lrong
hap phu MB ciia MnFe,O4/bentonite

Dé hiéu rd qué trinh hap phu, hai moé hinh
dong hoc gém phuong trinh dong hoc biéu kién
bac 1 va dong hoc biéu kién bac 2 da duge ap
dung dé danh gia cac dir liu thyc nghiém. Dang
tuyén tinh ctia mé hinh dong hoc biéu kién bac 1
va dong hoc biéu kién bac 2 duoc biéu dién dudi
dang cong thuc (3) va (4):

In(ge — qr) = InQe — ky.t 3)
o2t @
o kz-qe2 .

Trong d6: g (mg/g) va g (mg/g) la dung
lwong hap phu MB & thoi gian t va khi cin béng;
ki (phat™?) 1a hﬁng s6 tbc do bac 1 duoc tinh tir

duong vé tuyén tinh In(ge—qy) qua t va k, (g.mg"
! phat™) 14 hang s6 toc d6 bac 2 dugc tinh tir
duong vé tuyén tinh t/g, quat.

(a) Phrong trinh d6ng hoc biéu kién bac 1
21 o
L y=-0.0519x + 1.3311
? 04 R2=10.9026
Sa
=,
3 *
-4 T T T T ]
0 20 40 60 80 100
Thoi gian, ¢ (phut)
5 14 (b) Phwrong trinh déng hoc bidu kién béc 2
E 12
E 1.0 -
= y=0.01x +0.0027
'—5 0.8 | R2=1
F 06 -
0.4 -
0.2 -
0.0 T T T T T ]

0 20 40 60 80 100 120
Thoi gian, ¢ (phut)

Hinh 7. Dang tuyén tinh ciia cic mé hinh ddng hoc ap
dung cho qua trinh hip phu MB Ién
MnFe,O./bentonite: (a) phuong trinh déng hoc biéu
kién béc 1; (b) phwong trinh dong hoc biéu kién bac 2

Bang 2. Mt s6 thong sé dong hoc ciia phwong trinh ddng hoc biéu kién bac 1 va dong hoc biéu kién béc 2

Phuong trinh dong hoc biéu kién béc 1: ln(qe - qt) =Ing, -kt

ki (phat) ge (Mg/g) R?
MnFe,O./bentonite 0,0519 3,79 0,9026
\ N A t 1 t
Phuong trinh ddng hoc biéu kién bac 1: — = —t—
QI k’) 'q” qp
ko (9.mgtphdt™) g (Mg/g) R?
MnFe,O./bentonite 0,037 100 1,00

Trong hai mo hinh st dung dé danh gia kha
nang hép phu MB trén MnFe,0O4/bentonite, mo
hinh pht hop 12 mé hinh ¢6 hé s6 tuong quan, R?,
cao. Mot s6 thong sd dic trung cho 2 mé hinh
duogc chi ra trong Bang 2, md hinh dong hoc biéu
kién bac 2 ap dung dé danh gia kha nang xir Iy
MB trén MnFe,O4/bentonite chi ra trong Hinh 7
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6 gia tri hé s twong quan cao (R? = 1,00) cho
thdy sy phu hop véi dit liéu thuc nghiém hon mo
hinh dong hoc biéu kién bac 1 (R* = 0,9026).
Ngoai ra, gia tri ge thuc nghiém va gia tri g, tinh
toan dugc tinh tr mo hinh dong hoc biéu kién
béc 2 rat gan nhau. Piéu nay cho thdy sy hip phu
cia MB trén MnFe,O4/bentonite tinh tuan theo
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phuong trinh dong hoc biéu kién bac 2 va duoc
kiém soét boi sy khuéch tan ctia cac phan tor MB
tir dung dich dén bé mit bén ngoai va céu tric 15
x6p cua bentonite bién tinh.

3.3.4. Anh hwéng cua nong dé va dwong
dang nhiét hap phu

Két qua khat sat anh hudng ciia ndng do ban
dau dén viéc loai bo MB bang vat lidu
MnFe,04/bentonite dugc chi ra trong Hinh 8 cho
thay, khi nong d6 MB ban dau ting tir 50 1én 200
mg/L thi dung lwong hdp phuy ting tir 49,96 1én
118,62 mg/g. Kha ning hip phu ting 1én cung
v6i su gia ting ndng do MB ban dau. Hién tuong
nay duogc giai thich do su gia ting ndng do thudc
nhudm gép phan vao sy ting sd lwong phan tur
chat tan khuéch tan ty do trong dung dich, ting
cuong kha ning tiép xuc giita thuéc nhudm va bé
mit chat hap phuy, do d6 lam ting tbc do hap phu
ctia chat hip phyu. Ngoai ra, dong lyc hap phu
tang dan 1a do kha ning khuéch tan ting toc do
hap phu cac phéan tir thudc nhudém 1én cac vi tri
lién két trén bé mat chat hdp phu.

w120 100 2
] =
E 100 Foo &
& 7
o 80 80 =
= 3%
= jusy
& 60 70

=

w40 F 60

§.

= 20 f 50

&

0+ - 40

]

25 75 125 175 225

Néng d6 MB, C, (mg/L)

Hinh 8. Anh hwéng ndng dé chéat hiap phu MB 1én vat
liéu MnFe,O,/bentonite

Pé nghién ctru co ché twong tac giita phan
tt MB vé6i bé mat chat hép phu, hai duong déng
nhiét h:?ip phu dugc su dung dé phan tich dir li¢u
thuc nghiém 1a phuong trinh dang nhiét
Langmuir va Freundlich. Trong mé hinh
Langmuir voi céc vi tri hoat dong trén bé mat
ciia chit hap phu co thé hip phu mot phan tir
MB, chimg to 16p bi hap phu 1a don 16p phan ti.
Puong dang nhiét Freundlich véi sy hdp phu

khong 1y tuong trén bé mat khong dong nhét, cho
thay su hap phu nhiéu 16p trén bé mat chat hap
phu. Puong dang nhiét Langmuir va Freundlich
duogc biéu dién dudi dang cong thuc (5) va (6):

C _GC 1

=—+ ®)
d. 9, K_4,

Ing, = [%Jln C.+InK. (6)

Trong d6, C. (mg.L™Y) 13 ndng d6 can
bang, ge (Mg.g™Y) 1a dung luong hip phu, gm
(mg.g ™) 1a dung luong hip phu don 16p cuc
dai va K_ (L.mg™') 12 hang sé Langmuir. K¢
(L.gY) va n 1a cac hang sb Freundlich. Gi4 tri
1/n 1a thudc do cuong do hép phu hodc do
khong ddng nhat bé mit, khi 1/n cang gan dén
khong thi bé miat chat hap phu cang khong
ddng nhat (Hashem, F., 2012).

. 0.8 (a) Plurong trinh Langmuir
=
:-;J

06 4 v=00084x +0.004

Rz=0.9995
04
02
0 . T . T )
0 20 40 60 80 100
C.(mgl)

5.0 - . .
2 (b) Plurong trinh Freundlich
5 48 4

+
45 -
43 ¢
v =0.0824x + 4.4597
4.0 1 R*=0.727
+
3.8 1
35 . . T T )
4 -2 0 2 4 6
In C,

Hinh 9. Dang tuyén tinh ciia phwong trinh ding
nhiét hip phu MB 1én MnFe,O,/bentonite: (a)
phuwong trinh Langmuir va (b) phwong trinh
Freundlich
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Hai duong déng nhiét hip phu dugc xay
dung bang cach vé& biéu dd Celge qua Ce ddi voi
ddng nhiét Langmuir va In ge qua In C, ddi véi
dang nhiét Freundlich chi ra trong Hinh 9 va
Bang 3 trinh bay cac thong sé cia ding nhiét
Langmuir va Freundlich. Gia tri caa R? d6i voi
mé hinh Langmuir va Freundlich lan luot 1a
0,999 va 0,727. Ngoai ra, gia tri tinh toan cta qn
cho su hép phu thu dugc tir mé hinh Langmuir 1a
119,05 mg/g, gan vai gia tri thuc nghiém 118,62

mg/g cho thiy chi c6 mot 16p phan tir thude
nhudém duoc hinh thanh trén bé mit cua chat hép
phu. Ngoai ra, gia tri 1/n dugc tinh toan tir biéu
d6 Freundlich (1/n = 0,0824) nho hon 1, c6 nghia
1a @6 khong dong nhat bé mit chéat hap phy. Pidu
nay cho thdy duong dang nhiét Langmuir mo ta
su hap phu MB trén bentonite bién tinh rat phu
hop va ¢ su bao phtu mét 16p thuée nhuém MB
trén bé mat nano MnFe,O, bién tinh bentonite.

Bang 3. Cac tham s ciia phwong trinh Langmuir va Freundlich ciia qua trinh hap phu MB Ién
MnFe,O4/bentonite

: Ce e 1
o Langmuir: —=—+
Chét hip phu 9 O, K.,
KL(L/mg)  dm (Mg/g) R?
MnFe,O./bentonite 2,0999 119,05 0,999

Chéat hip phu

Freundlich:Inq, = [%J InC, +InK_

1/n

K (L/9) R’

MnFe,O4/bentonite 0,0824

86,46 0,727

3.3.5. Anh huong cua nhiét d va théng soé
nhiét dong cia qud trinh hap phu

Céc thong s6 nhiét dong luc hoc cho qua
trinh hap phu gdm ning luong Gibbs chuin
(AG®), enthalpy chudn (AH°) va entropy chuén
(AS°) dugc wdc tinh bing cach sit dung cac
phuong trinh (7-9) (Sun, Z. et al., 2017).

AG® = AH® —T .AS° (7)
AS®  AH°
InK, = — 8
¢ R RT ®
q
K =—e 9
1=C 9)

Trong d6, AG® 1a niang luong Gibbs chuan
(kJ.mol™); R 14 hang s khi, 8,314 (mol *.K™); T
1a nhiét d6 tuyét d6i (K); AH® 1a enthalpy chuin
(kJ.mol™); AS° 1a entropy chuan (kJ.mol *.K™);
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Kg 14 hé s6 phan phdi; g 1a dung luong hap phu
MB ¢ trang thai can bang (mg/g); C. 1a ndng do
ctia thuéc nhuém MB trong dung dich & trang
thai can bang (mg/L). Cac gia tri AH® chuan va
entropy chuan (AS°) dugc tinh toan tir dudng vé
tuyén tinh cua InKq so v6i 1/T (Hinh 10).

? -
E 6 | .\\'\‘
s | *100(mgl)
W125 (mgl)
47 150 (ms/L)
3 4 %200 (mg/L)
24 .——I——_.____.
1 -
O T T T 1
0.00293 000303 000313 000323 000333
/T

Hinh 10. Db thi biéu dién InK4 qua 1/T
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Céc théng sb nhiét dong hoc hip phu MB
cua MnFe,04/bentonite dugce tinh toan va tom tat
trong Bang 4. Gia tri AH® ciia qué trinh hap phu
MB trén MnFe,O,/bentonite 13 dwong cho thiy
ban chét thu nhiét ciia qua trinh hap phu. Céac gia
tri cia AS® ctia qua trinh hip phu MB déu duong,
diéu nay cho thay mirc d6 phu hop cia chat hap
phu MnFe,O4/bentonite ddi v6i chat bi hdp phu
MB. Trong khi do, gia tri AS® dwong cua qua trinh
hap phu MB cho thiy su gia tang rdi loan & mat

phan cach giita pha rin va long. Cac gia tri AG®
ctia qué trinh hap phu MB déu am, cho thiy ban
chét tu phat va tinh kha thi ciia qua trinh hap phu.
Mait khac, cac gia tri AG® ciia MB giam khi nhiét
d6 tang, didu nay cho thdy qua trinh hip phu cua
MB trén hon hop MnFe,04/bentonite dién ra
thuan lgi hon ¢ nhiét d6 cao. Trong khi do, cac gia
tri AG® d6i v6i MB ting khi ting ndng d6 ban
dau, cling phu hop vai bao cdo trude do (Kanwal,
A. etal., 2017).

Bing 4. Mt s6 thong s6 hip phu MB ciia MnFe,O,/bentonite ¢ cic nhiét d9 khac nhau

Co (Mg/L) AH® AS° AG’ (k).mol )
0 -1 B B
(kImol™)  (kamol™K™) 303Kk 313K 323K 333K
100 39,50 0,13 020 151 -282 -413
125 755 0,04 452 492 532 572
150 6,12 0,03 314  -345 375 —4.06
200 372 0,02 095 -110 -125 141

4. Két luan

Trong nghién ciru nay, ching toi da tién
hanh bién tinh bentonite bdi MnFe,0O, béng
phuong phap thuy phan nhiét tao ra vat liéu c6 bé
mat x6p voi dién tich bé mit cao, thich hgp cho
su hdp phu MB trong dung dich. Két qua hap
phu loai b6 MB cho thiy dung lugng hip phu
tang khi tang thoi gian tiép xtic va pH ban dau
ctia dung dich MB (véi dung luong hip phu cuc
dai & pH 5). Tuy nhién, dung luong hip phu
giam khi tang khdi lugng chit hip phu. Dir lidu
dong hoc cta sy hip phu phu hop tot voi mo
hinh dong hoc biéu kién bac 2. Dir liéu thi
nghiém cin bang hoan toan phu hop véi duong
dang nhiét Langmuir cho thdy hinh thanh don
16p trén bé mit ciia MnFe,O4/bentonite voi dung
lwong hap phu téi da 1a 119,05 mg/g. Cac tham
s6 nhiét dong hoc hip phu MB Ién
MnFe,Oy/bentonite nhu AG® 4m cho thiy qua
trinh hap phu trén tu xay ra.
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