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Tém tit

Trong nghién citu nay, vdt liéu bentonite bién tinh béi tac nhdn hitu cové co dwoc diéu ché
va ung dung de xw Iy phenol do va Mn(1l) trong nede. Vit liéu dwoe diéu ché bang cdach trao doi
cation vé co nam giita IO’p set bentonite bang tac nhan cetytrimethylammonium bromide (CTAB)
va polycation nhém. Két qua thu dwge cho thdy tac nhan CTAB va polycation nhém da dwoc chén
vao gitta [0p bentonite. Dong hoc hap phu phenol do va Mn(1l) phu hop véi phwong trinh dong hoc
biéu kién bdc 2. Qua trinh hap phu phenol do va Mn(1l) phu hop véi mo hinh dang nhiét Langmuir
hon mo hinh Freundlich. Vi vay, vat lieu CTAB/Al-bentonite duoc su dung lam chat hcfp phu xu Iy
phenol do va Mn(Il) dwoc xem la phwong phap day hia hen.
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Abstract

In this investigation, the synthesis bentonite materials modified by organic/inorganic agents
were prepared and applied to treat red phenol and Mn (1) in water. The materials were prepared
by inorganic cation exchange in the middle of the bentonite clay layer via cetytrimethylammonium
agent bromide (CTAB) and polycation aluminum. The results showed that CTAB agent and polycation
aluminum were inserted in the middle of the bentonite layer. The adsorption kinetics of red phenol
and Mn(Il) was consistent with the apparent second-order kinetic equations. The adsorptions of
phenol red and Mn (Il) by the isothermal Langmuir model were more suitable than the Freundlich
model. Therefore, CTAB/Al-bentonite materials used as adsorbents to treat red phenol and Mn (1)
are considered a promising method.
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1. Pit van dé

Su phat trién vuot bac cua khoa hoc va cong
nghé di thiic ddy cac nganh cong nghiép, néng
nghiép phat trién manh trong thoi dai ngay nay.
Bén canh nhitng mét dat duoc vé kinh té thi xa
hoi ciing dang d6i mat v4i van nan 6 nhiém gay
ra. Dic biét, cac chat thai tir nha may dét nhudm,
my phém, thude bao vé thuc vat, dugc phém,
luyén kim, san xuét da va thudc da. .. taora nguén
nudc thai 16n xam nhdp vao moi truong. Hau qua,
ngudn nude 6 nhidém bai cac chat hiru co va kim
loai ning 1a van dé cip bach can duoc giai quyét
(Dal Bosco va cs., 2006 Ma va cs., 2016; Zhu
va cs., 2009). Trong s6 cac phuong phap xur ly
nudc thal chira chét hitu co va kim loai thi hap
phu duoc xem 1a phuong phap day hira hen va
duoc nhiéu nha khoa hoc quan tam nghién clru
(Dal Bosco va cs., 2006; Ma va c¢s, 2016; L. Zhu
va R. Zhu, 2008; Zhu va cs., 2009).

Trong s6 céc vat liéu hép phu hiéu qua, bén
hoéa ly, gid thanh ré, ham lugng phong pht trong
tu nhién thi khoang bentonite dugc xem la loai
vt liéu thiét thuc, n6 c6 kha nang xu ly tdt cac
chat gay 6 nhiém va duoc nghién ctru ing dung
rong rai trong phuc hdi méi truong bi 6 nhiém
(Mavacs.,2016; Wang va cs., 2013). Do sy thay
thé dong hinh trong cdu triic bentonite din dén
16p aluminosilicate mang dién tich 4m trén bé
mit va duoc bu dap boi cac cation vo co hydrate
nam gitta sét bentonite. Cac cation vo co hydrate
lién két 16ng 1éo v6i 16p sét aluminosilicate c6 thé
dugc thay thé bang cac cation hitu co ky nudc
thu duoc vt liéu bentonite hitu co ¢6 kha nang
xtr Iy chat hitu co hiéu qua (Tran Viét Diing,
2018; L. Zhu va R. Zhu, 2008) hoic thay thé

bang polyoxocation kim loai kich thudc 16n tao
ra loai vat li€u bentonite chéng c6 kha nang xu
1y cac cation kim loai trong nudc dat hiéu qua
cao (Dal Bosco va cs., 2006; Yan va cs., 2010).

Vi kha ning do6, bentonite bién tinh dong
thoi cation hoat dong bé mit va polyoxocation
v co c6 thé loai bo dong thoi cac chat hitu co va
cation kim loai. Trong nghién ctru nay, bentonite
bién tinh bdi tac nhan v co/hitu co duge didu ché
bang cach trao d6i cation v co hydrate giita 16p
sét bentonite bang ca cetytrimethylammonium
bromide (CTAB) va polyoxocation nhom. Vat
lidu bién tinh dugc danh gia rat tot vé kha ning
xu 1y phenol d6 va Mn(II) trong nudc.

2. Thuc nghiém va phwong phap nghién ctiru

2.1. Nguyén li¢u

Trong nghién ciru nay, ngudn bentonite
duoc su dung 1a bentonite Di Linh, Lam D@)ng
(viét tat 1a Bent-DL) d4 qua tinh ché. Sau khi
lam sach, ham lugng montmorillonite (MMT)
trong Bent-DL khoang 40-50%, kich thudc hat
nho hon 10 pm, dung luong trao doi cation 1a 57
meq/100 g bentonite kho. Thanh phan hoa hoc
(phan trim khéi luong) gom: Si0, (58,95%),
ALO, (20,54%), MgO (3,27%), CaO (2,06%),
Fe, O (7,78%), Na,0 (1,09%), KO (1,38%) va
mot s6 oxide khac (Tran Viét Dung, 2018).

Téac nhan bién tinh dugc s dung trong
nghién ctru nay la CTAB (Sigma-Aldrich).
Déc tinh co ban cua phan tt CTAB duogc chi
ra trong Bang 1. Mot s6 hoa chat khac gom
Al(NO,),.6H,0, Na,CO,, HCI, NaOH, AgNO,,
phenol do, MnCl 4H 0] (Trung Quoc) déu ¢ dang
tinh khiét, khong can ché héa bd sung.

Bang 1. Mt s6 dic tinh co ban ciia phan tir CTAB

o ~ ) A o £ . DP§ dai mach ankyl (A)
+ LA O
Ky hi¢u Cong thire phan tir Cau tao ion CTA (Trin Viét Diing, 2018)
CH,
CTAB C,H,,NBr /C16H33 25,3
/ +\
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2.2. Diéu ché vit liéu CTAB/Al-Bent

Quy trinh diéu ché CTAB/Al-Bent dugc tién
hanh nhu sau: lay 3g Bent-DL phan tan trong 300
mL nude cat dudi diéu kién khuéy manh trén
may khudy tir v6i téc d6 600 vong/phut trong 2
gid thu dugc huyén phu Bent-DL. Thém dong
thoi dung dich polyoxocation nhom (dwoc didu
ché tir AI(NO,), 0,2M va Na, CO, 0,2M véi ty
1¢ mol OH/AI** 1a 2,4) va dung dich CTAB vao
huyén phu Bent-DL, hdn hop duoc khudy manh
0 60°C trong 5 gio, sau d6 gilr ¢ nhiét d§ phong
trong 24 gid. San pham dugc loc tach va ria
vai lan bang nudc cat dé loai bo hét ion CI du
(thtr bang dung dich AgNO, 0,1M) va sdy mau
¢ 110°C trong 10 gio thu dugc vat licu CTAB/
Al-Bent. V&i muc dich so sanh, mau Bent-DL
bién tinh bang polyoxocation nhom dugc diéu
ché theo cach twong ty ma khong thém CTAB va
san pham duogc ky hiéu 1 Al-Bent. Mau Bent-DL
hiru co ciing dugc diéu ché bang cach trao doi
cation v6 co hydrate giita 16p bang CTAB va san
pham duogc ky hiéu 1a CTAB-Bent. Trong céc
truong hop, nong d6 CTAB sir dung 1a 1,0 lan
so voi CEC cua sét Bent-DL va ty 1€ mol AI**/
bentonite 1a 10 mmol/g.

2.3. Cac phuong phap nghién ctru vat liéu

Xéc dinh khoang cach 16p co ban cua Bent-
DL va Bent-DL bién tinh bang phd nhidu xa tia
X (XRD) trén may D8 Advance-Bruker (Ptc)
st dung btrc xa 40 kV, 300 mA, quét tur 1-50°,
khoang cach 16p duoc xac dinh qua mat 001
ctia gian 46 XRD. Dién tich bé mit BET cua
céc mau dugc xac dinh tir duong dang nhiét hap
phu - khur hép phu nitrogen tai 77K trén thiét bi
Micromeritics TriStar 3000 (MY).

2.4. Khao sat hip phu phenol dé va
Mn(II) trén vt liéu diéu ché

Lay 0,1 g vat liéu cho vao 100 mL dung
dich phenol d6 hoic Mn(II) c6 ndng d6 100 mg/L
dat trén may khudy tir voi tbe d6 300 vong/phut
& nhiét 46 phong trong 120 phat. Mau dugc lay
trong khoang thoi gian xac dinh va ly tim lay
dung dich dé phan tich néng d6 phenol d6 con
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lai bang phd UV-Vis UV2650 (Labomed, M¥)
v6i bude song 432 nm va phan tich nong do
Mn(II) con lai bang phd ICP-MS trén may iCAP
Q (Thermo Scientific, M¥) v6i ngudn cam mg
cao tan plasma (ICP).

Dung luong hap phu (g,) dugc tinh tir theo
cong thuc (1):

_G-C), (1)

! m

Trong do C,vaC (mg/L) 1a nong do ban
dau va ¢ thoi dlem t (phut) V 1a thé tich dung
dich (1); m 1a khéi luong chét hap phu (g); q,
(mg/ g) 1a dung luong chat bi hap phuy trén 1,0 g
chat hap phu.

Céac md hinh dong hoc thuong sir dung dé
danh gia qua trinh hap phy 1a mé hinh dong hoc
biéu kién bac 1 (2), dong hoc biéu kién bac 2 (3)
va khuéch tan ndi hat (4) duogc mé ta nhu sau:

ln(qe - qt) = ln(‘]e) - k1 1, (2)
i1t
q_t_ kzq: +q—e, (3)
q =k, M +e. (4)

Trong do, 4q, vaq, (mg/g)la dung luong hép
phu tai thoi diém 7 va tai thoi diém can bang; k,
(phut-1), £, (g.mg".phut™"), ki (mg.g'.phat ) la
hang sd hép phu ctia mé hinh dong hoc biéu kién
bac 1 va bac 2, khuéch tan ndi hat. Hai mo hinh
dang nhiét hap phy pho bién nhat dé mé ta trang
thai can bang hap phu 1a phuong trinh Langmuir
(5) va phuong trinh Freundlich (6) nhu sau:

g_ C, N 1

9. 4, Kz (5)
Ing =InK +llnC

qe - F n e* (6)

Trong do, g _ (mg/ g)la dung lwong hip phu
cuc dai; K, (L/g) la hing s6 Langmuir c6 lién
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quan dén 4i lyc cta tam lién két va ning lugng
hap phu; K. (L/g)la hang s6 Freundlich lién quan
dén dung lugng hap phuy; 1/n 1a tham s6 kinh
nghiém lién quan d&én cuong do hap phu.

3. Két qua va thao ludn

3.1. Phan tich nhiéu xa tia X

Gian ¢ XRD ctia mau Bent-DL va Bent-
DL bién tinh bai polyoxocation nhém, CTAB,
hdén hop CTAB/AI dugc chi ra trong Hinh 1.
Trong miu Bent-DL c6 chtra thanh phan chinh
1a MMT vé6i cac pic dic trung & d = 15,26A;
4,484;2,56A. T gia tri d,,, = 15,26A cho thay,
Bent-DL thudc loai bentonite ki€ém tho chira
chi yéu cation v6 co hydrate giita 16p 1a Ca?",
Mg?*... Két qua nay phu hop v6i nghién ctru ctia
L.G. Yan va c¢s. (2010). Bén canh céc pic phd
dac trung cua MMT, con mat sb pic cua cac tap
chit khac nhu quartz v&i d = 4,26A va 3,35A;
calcite véi d = 2,46A.

N
(=}
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1

(a) Bent-DL

N
(=}
1
0

(b) CTAB-Bent

(¢) CTAB/Al-Bent

Pic trung hap phu (cm’/g STP)

0,0 02 0,4 0,6 0,8 1,0
Ap suat tuong d6i (P/P,)

o |
k=]
o0
£ A
=]
@]
| M Bent-DL
A
qu T
|, ]/f{\ }
i |
S M, fi
T \F K ™ *‘,M./-»,,,..»\\W,,\Www_w"/F " WA htyrnn T w“““/"'\ "w-\rwc M?i(B/W\A Ef,.llt
&
u »’Wﬂt\i “
— CTAB/Al-Bent
T'
«m
m‘ Al Vb oy Mt M Tl M\/ ‘“N e Mot Juenes, «\A}v 13:3};1}
T T T T 1
0 10 20 30 40 50

2-Theta (d9)

Hinh 1. Gian d6 XRD ciia cic miu Bent-DL
va Bent-DL bién tinh
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Hinh 2. Pwong ding nhiét hip phu - khir hip phu N, cia (a) Bent-DL, (b) CTAB-Bent,
(c) CTAB/Al-Bent va (d) Al-Bent

Bang 2 tom tit mot s6 thong sb dic trung
cho tinh chat bé mat cua vat liéu. Dién tich bé
mat cua Al-Bent 1a 182,67 m?/g, 16n hon dién
tich bé mat cua Bent-DL 1a 45,74 m%/g. Piéu
nay cho thiy miu Al-Bent c6 sy dong gbp cua
polyoxocation nhém nam trong 16p xen gitra clia
sét bentonite va dién tich bé mat do co su hép
phu luong 16n phén ti N,. Trong khi d6, méu

CTAB-Bent va CTAB/Al-Bent c6 dién tich bé
mat nho so voi Bent-DL va Al-Bent. Diéu nay
c6 thé giai thich dya vao thé tich cta tac nhan
CTAB bién tinh c6 kich thudc 16n hon rat nhiéu
so voi ion Ca** hydrate va polyoxocation nhom
nam trong 16p xen gitta cua sét (L. Zhu va R.
Zhu, 2007; L. Zhu va R. Zhu, 2008; R. Zhu
va cs., 2009). Két qua danh gia hiéu qua xu Iy
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phenol do va Mn(II) cua céc loai vat liéu diéu
ché cia nhom nghién ctru trude d6 (Bui Vian
Thang va cs., 2019), cho thiy rang hiéu sut xtr
1y phenol dé cia CTAB-Bent, CTAB/Al-Bent
cao hon Bent-DL, Al-Bent. Trong khi do, hi¢u
suat xir Iy Mn(II) ting theo thir tr: CTAB-Bent
< Bent-DL < CTAB/Al-Bent = Al-Bent. Két qua
xtr Iy nay cho thay khong c6 méi lién hé véi dién
tich bé mit cua cac mau Bent-DL bién tinh chi
ra trong Bang 2. Mau Al-Bent va Bent-DL c6
dién tich bé mit cao nhung kha nang hap phu
ctia chung van thiap hon miu CTAB/Al-Bent.
Bang 2. Mt s thong sb diic trung caa
Bent-DLva Bent-DL bién tinh

Méu S, (m*g) V., (cmYg)
Bent DL 45,74 0,091
CTAB-Bent 3,90 0,028
CTAB/Al-Bent 1,05 0,012
Al-Bent 182,67 0,169

3.3. Danh gia kha nang xir ly phenol do
va Mn(II) cua vat liéu

3.3.1. Anh huéng cia thoi gian va dong
hoc hap phu

Thi nghiém dénh gid hi¢u qua xtr Iy phenol
do va Mn(II) cua Bent-DL nguyén li€u va Bent-
DL bién tinh bdi CTAB/AI nhu sau: luong chat
hap phu 1 g/L; nhiét 6 30°C, anh hudng cua thoi
gian xtr Iy 0 — 120 phut, nong do cac chat 1a 100
mg/L. Két qua khao sat anh hudng cua thoi gian
dén kha ning xir Iy phenol do va Mn(II) dugc
trinh bay trong Hinh 3.

Nhu chi ra trong Hinh 3 cho thay dung
luong hip phu tai thoi gian ¢ ting nhanh trong
10 phut dau va dat thoi gian hép phu cuc dai
trong khoang 30 phtt dau. Sy hap phu nhanh &
giai doan dau duoc giai thich nhu sau: khi ndng
dd chat hép phu cao thi mot ) lugng 16n vi tri
hoat dong sin co dé hép phuy, tao dong luc di
chuyén cta phan tir phenol va Mn(II) trén bé mat
ctia vét lieu CTAB/Al-Bent. Qua trinh hap phu
cac chat hiru co, oxyanion va ion kim loai 1én
0B xay ra nhanh dat dén can bang phi hop véi
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cong bd trude day (Ma vd cs., 2016; Rathnayake
va c¢s., 2015; L. Zhu va R. Zhu, 2008; R. Zhu
va cs., 2009). Khi thoi gian tdng tir 30 1én 120
phut, qua trinh hdp phy xdy ra cham hon do su
trong tac gitta tac nhan d3 bi hap phu va tac
nhan hip phu trong dung dich. Thoi gian can
thiét dé xir Iy phenol d6 va Mn(II) trén vt liéu
CTAB/Al-Bent 1a 30 phut, tuy nhién, dé dam
bdo qua trinh thi nghiém nén thoi gian duogc
chon 13 60 phut cho cac thi nghiém tiép theo.

65 - ]
o)
~
s 60 -
g
S5
= —— Phenol
= 554 —®— Mn(Il)
N
g
=
2 50
E»
e
g ——0—©@& ————o—— —
J y
Aa 45 (.‘F
40

T T T T T 1
0 20 40 60 80 100 120
Thai gian, ¢ (phit)

Hinh 3. Anh hwéng ciia thoi gian xir Iy phenol
do6 va Mn(II) trén CTAB/Al-Bent

Pong hoc hap phu 1a mét yéu t quan trong
dé hiéu dugc co ché hap phu va danh gid hiéu
qua cua chit hap phu. Mot s mé hinh dong hoc
khac nhau 1a phwong trinh dong hoc biéu kién
bac 1 (2), dong hoc biéu kién bac 2 (3) va md
hinh khuéch tan néi hat (4) dugc ap dung dé kiém
tra sy pht hop cta cac dir kién thuc nghiém hap
phu phenol 6 va Mn(II) bang CTAB/Al-Bent dé
du doan dong hoc hap phu. Pudng v& tuyén tinh
cua cac mo hinh dong hoc khéac nhau dugc trinh
bay trong Hinh 4. Hang s6 toc d6 ctia phuong
trinh dong hoc bicu kién bac 1, k, va gid tri ¢,
dl,ch tinh tir hinh v€ In(g -¢,) qua t (Hinh 4a) va
két qua tinh todn dugc trinh bay trong Bang 3.
Heé s6 tuong quan (R?) thap cho thay sy phu hop
kém vé1 gia tri thuc nghiém, ngoai ra gia tri Do
xac dinh theo mo6 hinh nay cling khéc xa véi gia
tri g, Do vay su hap phu phenol d6 va Mn(II)
trén CTAB/Al-Bent khong phu hop véoi phuong
trinh dong hoc biéu kién bac 1.
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(a) Phuong trinh déng hoc biéu kién bac 1

# Phenol do
BMn(ID)

L.n (q e I)
o

(c) Mb hinh khuéch tanndi hat

4‘.}»/'/’
#Phenol do

EMn(II)

2
4
-6 € 30 60 90 120
Thai gian, t (phit)
(b) Phuong trinh déng hoc biéu kién bac 2 20 -
3.0 ~
25 #Phenol do 60 -
2.0 - i %
g i g L 2
et =50 -
1.0 4 o
03 1 40
0.0 + T T T O
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Théi gian, t (phit)

72 (phuit!2)

Hinh 4. Dang tuyén tinh cic mé hinh dong hoc ciia qua trinh hap phu: (a) dong hoc biéu kién bac
1, (b) ddng hoc biéu kién bic 2 va (c) khuéch tan ndi hat

Biang 3. Thong s6 dong hoc ciia phwong trinh dong hoc biéu kién bac 1 (2), dong hoc biéu kién bac 2

(3) va mé hinh khuéch tan ndi hat (4)

Phwong trinh dong hoc

Phwong trinh dng hoc
biéu kién bac 2

biéu Kién bac 1

M0 hinh
khuéch tan ni hat

()
mg/g k.

k, q K2 id c

1 e R? B mg/ R? mge/g. 2
(phit")  (mg/g) (¢/mg.phatty 9e ME'E) (mglg. o)
phut!)

Phenol
dé y =-0,0242x — 0,4387 y=0,0152x + 0,0156 y=1,1326x + 55,10
64,92 0,058 7,06 0,863 0,0152 65,78 0,999 1,133 55,10 0,624
Mn(1I) y =-0,0581x + 1,9545 y =0,022x + 0,0033 y=0,1485x + 44,116
45,42 0,024 0,65 0,675 0,147 45,45 1 0,149 44,16 0,486
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Tur Bang 3 nhan thay rang, gié tri ¢ thu duoc
tir mo hinh khuéch tan ndi hat khac khong va
hé s twong quan (R?) rit thp, do vy mé hinh
khuéch tan noi hat khong dung dé xac dinh dong
hoc ctia qua trinh hap phu (Hinh 4c). Hinh vé
tuyén tinh cua t/q, qua t dbi voi mo hinh dong
hoc bleu kién bac 2 dugc thé hién trong Hinh 4b.
Hing s6 toc do bac 2, k,va gia tri g, oy XAC dinh
tir hinh vé& va két qua duoc trinh bay trong Bang
3. Gia trj twong quan (R?) rat cao va gié tri Do
gan Vol gia tri g oy Do vy m6 hinh dong hoc
biéu kién bac 2 mé ta dong hoc hip phu phenol
doé va Mn(Il) trén CTAB/Al-Bent phu hop hon
mo hinh dong hoc biéu kién bac 1 va md hinh
khuéch tan ndi hat. Két qua nay phi hop véi mot
s6 cong bd trude day (Dal Bosco va cs., 2006;
Ma va cs., 2016; Wang va cs., 2013).

3.3.2. Anh hLm’ng cua nong do phenol do,
Mn(Il) va duong dang nhiét hap phu

Dé nghién ctru anh hudng cua ndng do
phenol do va Mn(II) dén qua trinh hip phuy,

thi nghiém duogc tién hanh véi diéu kién: pH 7
(phenol do), pH 6 (Mn(II)), lvgng chat CTAB/
Al-Bent 13 1 g/L (d6i voi phenol do) va 1,5 g/L
(ddi véi Mn(Il)) va thoi gian hap phu 60 phit.
Puong v& tuyén tinh cia mé hinh ding nhiét
Langmuir va Freundlich dugc chi ra trong Hinh
5 va két qua tinh toan céc thong sd dong hoc
duoc chi ra trong Bang 4.

Dung luong hap phu phenol do ting tir 65,54
1én 121,44 mg/g (phenol do), tir 32,58 1én 85,76
mg/g (Mn(II)) trong khi phan trim hap phy giam
tor 65,5 Xuéng 17,3% (phenol do), tu 21,7 Xuéng
8,2% (Mn(II)) khi ndng d6 phenol d6 st dung
tang tir 100 1én 700 mg/L. Nong do phenol d6 va
Mn(II) ban dau déng vai trd quan trong thiic ddy
su chuyén phén tir/ion chat hip phuy giira dung
dich va bé mit ctia vat liéu CTAB/Al-Bent. Mit
khac, & ndong d6 cao thi phenol dé hodc Mn(II)
khong thé tuong tac véi tam lién két hoat dong
cua CTAB/AI-Bent do do bao hoa cua cac vi tri
lién két nay (Dal Bosco va cs., 2006; Ma va cs.,
2016; Wang va cs., 2013).

. (a) Phwong trinh Langmuir 55 (b) Phwong trinh Freundlich
7 A # Phenol do /
6 - 4.5 1
s s | ®Map i
T 4 = 40
3 - # Phenol do
2 1 A M Mn(lT)
1 -
0 . . . . . . . 3.0 ; ; ; )
0 100 200 300 400 500 600 700 3 4 3 6 7
Ce (mgl) Ln CE
Hinh 5. Dang tuyén tinh ctia phwong trinh ding nhiét hip phu phenol d6 va Mn(II)
1én AI/CTAB-Bent: (a) Langmuir va (b) Freundlich
Bang 4. Cac tham s6 ciia phwong trinh Langmuir va Freundlich ctia qua trinh hip phu
phenol dé va Mn(II) 1én AI/CTAB-Bent & 30°C
A1 . C, _C, 1 , 1
Chat bi Langmuir: — =—* Freundlich: Ing, =| — |InC, +In K.
hap phu 9. 4, K, 4, n
K, (L/mg) g, (mg/g) 1/n K. (L/g) R?
) y =0,0074x + 0,5206 y=0,2451x + 3,2436
Phenol do
0,0142 135,14 0,9897 0,2451 25,626 0,9424
y =0,0093x + 1,4946 y =0,4356x + 1,7219
Mn(II)
0,0062 107,53 0,9948 0,4356 5,595 0,9731
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Céc dir kién can bang hip phu thu dugc tir
su hap phu phenol dé va Mn(II) 1én CTAB/AI-
Bent phu hop ca mo hinh dang nhiét Langmuir
va Freundlich. Gia tri cac hang s6 Langmuir d6i
v6i qua trinh hip phy phenol d6 1én CTAB/AI-
Bent, g va K| thu dugc tr duong thang tuyén
tinh cta C /g, qua Ce (Hinh 5a) 1a 135,14 mg/g
va 0,0142 L/mg véi hé s6 tuong quan (R?) cao
12 0,9897. Gia tri R, trong khoang tir 0,4132 dén
0,0914. Khi nong do cua phenol do 1a 100 va 700
mg/L. Gia trj cac hang s6 Langmuir d6i v6i qua
trinh hap phu Mn(II) 1én CTAB/Al-Bent, ¢__va
K, thu duoc tir dudng thang tuyén tinh cta C/q,
qua Ce (Hinh 5a) 1a 135,14 mg/g va 0,0062 L/mg
v6i hé s twong quan (R?) cao 1 0,9897. Gi4 tri
R, trong khoang tir 0,6173 dén 0,1873‘ khi ndng
dd cua Mn(ID) 1a 100 va 700 mg/L. Diéu nay chi
ra rang, CTAB/Al-Bent phu hop ddi véi su hip
phu phenol dé va Mn(II) trong nudc.

Gia tri cac hang s6 Freundlich d6i voi qua
trinh hap phu phenol do 1én CTAB/Al-Bent, K,
va 1/n dugce lay tir dudong thang tuyén tinh cua
Ing_qua C, (Hinh 5b) 12 25,626 va 0,2451 v6i hé
s6 twong quan (R?) cao. Hang sb Freundlich 1/n
nho hon 1 chi ra rang qua trinh hap phu thuén
loi trong diéu kién nghién ctru. Gia trj cac hang
sO Freundlich d6i véi qua trinh hap phu Mn(II)
1én CTAB/Al-Bent, K, va 1/n dugc lay tir duong
thang tuyén tinh cua Ing_qua C_ (hinh 5b) 1a 5,595
va 0,4356 voi hé sé twong quan (R?) cao. Hang
s6 Freundlich 1/n nhé hon 1 chi ra rang qua trinh
hép phu thuan loi trong diéu kién nghién ctru.

Tir két qua nghién ctru sy hap phu phenol do
va Mn(Il) trén CTAB/Al-Bent la phu hop véi ca
m6 hinh Langmuir va Freundlich. Diéu nay cho
thay vat liéu diéu ché c6 su phan bb dong déu va
khong déng déu cac vi tri hoat dong trén bé mat
cua CTAB/Al-Bent.

4. Két luan

Trong bai bdo nay, chung t61 da khao sat
duge mot s6 yéu td anh huong dén qué trinh diéu
ché vat liéu CTAB/Al-Bent theo ba cach khac
nhau, két qua phan tich hoa 1y va danh gia kha

nang xir Iy phenol d6 va Mn(II) cho thay 1a mau
diéu ché bang cach trao doi cation vo hydrate nam
& 16p xen gitra bang dong thoi tac nhan CTAB/Al
cho hi¢u qua xur Iy phenol dé va Mn(II) 16n hon.
Diéu kién diéu ché vat liéu CTAB/Al-Bent tdi uu
da dugc khdo sat 1a ty 1€ mol Al/bentonite 1a 10
mmol/g, né)ng do CTAB su dungla 1,0 lan CEC
clia sét bentonite tién hanh trao d6i ion trong moi
truong nude thu dugce vat liéu c6 kha ndng xur 1y
t6t ca phenol do va Mn(II) trong nudc.

Trong s6 cac vat liéu diéu ché di khao sat,
mau CTAB/Al-Bent c6 hiéu suat xtr Iy dong thoi
phenol d6 va Mn(II) tot nhat so v6i cic miu con
lai. B4 khao sat mot s6 yéu t6 anh huong dén kha
nang xu Iy phenol dé va Mn(II) trong moi trudong
nude nhu thoi gian,ddé pH, ndng do tac nhan bi
hap phuy, lwong chat hip phuy, nhiét d6. M6 hinh
dong hoc biéu kién bac 2 mé ta qué trinh hip phu
phenol dé va Mn(Il) 1én vat licu CTAB/AI-Bent
phti hgp hon mé hinh dong hoc biéu kién bac
1 va mé hinh khuéch tan noi hat. Puong dang
nhiét hap phu phi hop v6i ca mé hinh dang nhiét
Langmuir va Freundlich cho thay bé mit vat liéu
diéu ché chira ca bé mat dong nhat va khong dong
nhét. Tir nhitng nghién ctru nay cho thay vat lidu
bentonite bién tinh déng thoi CTAB/AI c6 kha
ning hap phu tt cac chét hiru co va cation kim
loai trong nudc./.
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