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The chitosan/mangetite composite in the mass ratio chitosan:mangetite
of 91 (CM91) was synthesised by co-precipitation method. The
characteristics of the chitosan/mangetite composite was estimated by
X-ray diffraction method (XRD) and scanning electron microscopy
techniques (SEM). The methylene blue adsorption ability onto CM91
composite was well at value pH 9, equilibrium contact time of 20
minutes. The experimental adsorption data fitted into pseudo—-Langmuir
adsorption isotherm models. The adsorption followed pseudo-second
order kinetic model very well. The maximum adsorption capacity of that

composite which caculated by Langmuir equation was 94,18 mg/g.

Gidi thiéu chung

O nhiém méi trudng, dic biét 13 6 nhiém mai trudng
nudc bdi cac chdt mau dang la mét van dé qudc té
dugc nhiéu nha khoa hoc trong va ngoai nudc quan
tam nghién clu. Xanh metylen (CTHH: CigHiCIN3S) (MB)
la mét chat mau hitu cg dang cation. MB dugc st dung
réng rai trong phong thi nghiém, y té, cdng nghiép dét
nhudm, in an, ... MB la chét gay tac dong xéu dén hé
than kinh trung uong, gay budn nén, khé tha [1], lam
anh hudng dén hé mai trudng sinh théi, ... Do vay, loai
bd MB ra khoi méi trudng nudc la réat can thiét.

Cé nhiéu phuong phép dé loai bd cac chat mau néi
chung va MB ra khdi ngudn nudc nhu phucng phép
oxi hoa [2], phuang phap hoda hoc [3], phuong phéap
sinh hoc [4] nhung phuang phép hép phu dugc nhiéu
nghién clu lua chon bdi chi phi x ly thap, hiéu qua
cao, cdbng nghé don gian [5-9]. Cho dén nay, rét nhiéu

cac chat hdp phu da dugc st dung dé loai bd MB ra
khoi méi trudng nudc nhu CNTs [8], cac oxit kim loai
[10], v& trdu [11], mun cua [12], ... Tuy nhién cac chét
nay c¢6 dung lugng hdp phu thap, thai gian hép phu
kéo dai. Do dé can phai tim ra mét chat hdp phu co
dung lugng hdp phu cao, thai gian hdp phu ngan dé
loai bd MB ra khdi ngudn nudc thai.

Chitosan — sat tU oxit la vat liéu dang compozit da
dugc Ung dung trong nhiéu inh vuc y sinh [13], diéu
dan thudc [14], ... M6t s6 nghién cltu gan day cho théy,
day la vat liéu co kha nang hap phu cac chat & nhiém,
dé thu hoi nhd tinh chét siéu thuan tr cla FesOs, déc
biét la kha nang téi s&t dung vat liéu hép phu [15,16].
Tuy nhién, & Viét Nam van dé nay con it dudc quan
tdm nghién clu. Do vdy, nghién clu nay tién hanh
téng hop vat liéu chitosan — st ti oxit vai ti 1é khéi
lugng chitosan:Fe3O4 1a 9:1, tim hiéu kha nang loai bod
MB clia compozit chitosan — st tUr oxit ra khoi moi
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truong nudc bang phuong phép hdp phu. Qua do
nghién citu mé hinh hdp phu va déng hoc qua trinh
hép phu MB trén vat liéu compozit chitosan : Fe3Oa.
Pong thai khdo sat khd néng téi st dung cla vat liéu
hédp phu.

Thyc nghiém va phuang phép nghién cdu
Héa chat

Hoa chat dugc st dung trong nghién cdu bao gém:
Chitosan, FeCl2.4H2O (>99%), FeCls.6H2O (>99%), HC|,
NaOH, axit acetic, nudc cét hai lan. Cac hoa chat déu
dam bao do tinh khiét PA trong phan tich.

T6ng hop vt liéu chitosan — Fe3Oq4

Vat liéu compozit chitosan — FesOs dugc téng hop
bang phuong phap dong két tha theo mét s& nghién
cltu trudc do [17,18] vdi ti 1é khéi lugng chitosan : Fe3Os
13 9:1 (CM9). Ti Ié s& mol Fe?*:Fe** 14 1:2. Vat liéu duac
t6ng hop & nhiét d6 80 °C tai pH = 13, trong mbi
trudng khi N, thai gian t8ng hop 60 phut. Sau khi két
thic phan Uing, vat liéu dugc thu bang nam cham, ria
sach bang nudc cat dén moi truong trung tinh va séy
kho & nhiét do €0 °C trong thdi gian tU 2 + 4 gid.

Vat liéu CM9I1 sau khi t6ng hop dugc xac dinh dac
trung céu tric bang phuong phap XRD trén may D2 —
Phase (Brucker — Buic) va xac dinh dic diém bé mat
bang phuong phép anh hién vi dién t& quét SEM trén
maéy FE-SEM Hitachi S-4800 (Nhat Ban).

Nghién ctu hdp phu

Nghién cu qué trinh hdp phu xanh metylen théng qua
nghién clu anh hudng clia cac yéu té: pH, thai gian hdp
phy, néng dd ban déu cla MB, lugng chét hip phu
CM91. Trong mdi thi nghiém, cac yéu t8 nghién clu
dugc thay ddi, cac yéu td con lai sé gitr nguyén.

Dung lugng hdp phu (g, mg/g) va hiéu suét hdp phu
(H, %) dugc xac dinh [&n lugt theo cong thirc (1) va (2).

_ (€o—cCe)V
q= """ ()
H="%"% 100 @

Trong do: Co va Ct la nbng dé MB ban ddu va sau khi
hap phu (mg/L); V la thé tich dung dich bi hdp phu (L);
m la khéi lugng chat hdp phu (g).

Nong dé MB dugc xac dinh bang phuang phap phd
hdp thy phan t& UV-Vis trén may U2900 (Hitachi —

Nhat Ban) tai budc song hép thu cuc dai ctia MB Amax
= 665 nm.

K&t qua va thao luan
Bdic trung vt liéu

Két qua XRD (hinh 1) cho thdy, trén gian do nhiéu xa
cla vat liéu CM91 d3 t6ng hop co day du cac dinh
nhiéu xa dac trung ctia FesOs tai cac vi trf 2-theta bang
30,37°; 35,72°; 43,48%; 53,77°, 57,02° va 62,96°. Cac vi
tri nay tuong Ung vdi cac ho mat mang (220), (311),
(400), (422), (511) va (440) [16]. Ngoai ra trén gian do
nhiéu xa tia X ciia CM91 con xuét hién 2 dinh déc trung
clia chitosan tai vi tri 2-theta bang 10° va 20° [19]. Diéu
nay chiing minh, vét liéu CM91 da tng hop ton tai &
dang compozit, két hgp gitta chitosan va Fe3Oas. SU
dung phan mém xac dinh kich thudc tinh thé cho thay
céc tinh thé nay déu & kich ¢& nanomet. Trong do6 vat
liu FesO4 va CMI1 ¢ kich thudce tinh thé [an luct bang
13,0 nmva 14,2 nm.

K&t qua nghién clu hinh thai bé mat vat liéu trén anh
SEM (hinh 2) cho thay, vat liéu CM91 ¢b dang tdm, cac
tdm xép 16p lén nhau tao thanh cac mang I6n. Biéu
nay co6 thé do CMI1 ¢é ti 1é chitosan I6n nén bé mat
vat liéu chiu anh hudng 16n bdi bé mat cla chitosan —
la mot loai polyme. Trén bé mat vat liéu co nhiéu 16
x6p. Day la diéu rat thuan Igi cta vat liéu lam vat liéu
hép phu.
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Hinh 1: Gidn do nhiéu xa tia X clia Fe3QOa, chitosan va
CM91

Hinh 2: Anh SEM cdla CM91
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Nghién cu hdp phu
Anh hudng ctia pH

DéE nghién clu anh hudng cla pH, tién hanh nghién
cltu hiéu sudt hdp phu MB & diéu kién nhiét dé phong
T =20 °C, ndng dé ban dau clia MB bang 90,5 mg/L;
khéi lugng CM91 1a 0,10 gam, thé tich dung dich MB la
0,05 L. pH dung dich dugc thay déi tir pH = 1 + 11. Két
qua dugc thé hién trong bang 1 cho thédy, khd nang
hép phu MB trén vat liéu CM91 & pH trong mdi trusng
bazo cao hon hdn moi trudng axit. Khi pH = 7+ 11,
hiéu sudt hap phu (H) tdng dan tir 84,05% dén 95,64%.
Tai moi truong pH = 9 va 11 hiéu sudt hap phu MB trén
vat liéu CM91 kha cao, han 90%. Tuy nhién theo tiéu
chuén xit ly nudc thai [20], dé dat dugc tiéu chi sur
dung ngudn nudc sach, pH phai dat ti 6+9, do véy lua
chon pH = 9 cho cac nghién clu tiép theo.

Bang 1: HIéu suat hap phu MB tai gia tri pH khac nhau

oH | Cws (mg/L) H (%)
1 82,24 9,13
3 80,00 11,60
5 76,06 15,95
6 23,34 74,20
7 14,44 84,05
8 13,99 84,54
9 4,40 95,14
1 3,95 95,64

Anh hudng ctia thoi gian hép phu

Dé nghién cliu anh hudng cla thdi gian hap phy, tién
hanh xac dinh dung lugng hdp phu MB & diéu kién nhiét
d6 phong T = 20 °C, khéi lugng CM91 dung dé hép phu
la 0,10 gam, thé tich dung dich MB la 0,05 L. Thdi gian
hap phu thay déi tir 10 dén 120 phdt. Néng dé ban dau
clia MB thay déi tir 19,84 = 82,46 mg/L. Két qua trong
hinh 3 cho théy, tai cac ndng do ban dau cliia MB khac
nhau, & mdi thai diém hdp phu khac nhau thi dung
luong hép phu MB cling khac nhau. Ngay & thai diém
hap phu ban dau, dung lugng hap phu da dat han 90%
dung lugng hap phu t6i da cla vat liéu tai diéu kién hép
phu. Khi thai gian hdp phu tang, dung lugng hap phu
MB cling tang. Khi thai gian hép phu tir 20 + 120 phtt,
dung lugng hap phu MB tang cham, dudng biéu dién

c6 dang gan nhu song song vdi truc hoanh, chiing té su
hap phu gan dat dén can bang hap phu. Do dé t = 20
phut dugc chon lam thai gian hdp phu can bang cho
c&c nghién clu tiép theo.

40 rr—v—v v v v v
35_' Co =82.46
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—
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Hinh 3: Dung Iugng hdp phu MB theo thdi gian tai cac
ndng do MB ban dau khac nhau

Anh hudng ctia ndng dé MB ban ddu

Nghién cltu anh hudng clia ndng dé ban dau clia MB,
nghién cltu sy phu thudc cla dung lugng hédp phu (q)
theo ndng dé ban dau MB & diéu kién nhiét do phong
T = 20 °C, khéi lugng CM91 la 0,10 gam, thé tich dung
dich MB V = 0,05 L, thdi gian hép phu t = 20 phut,
néng do ban dau clia MB thay d&i tr 5 = 95 mg/L. Két
qua trong hinh 4 cho thay, khi ndng dé ban déau cla
MB tang thi dung lugng hép phu MB trén CM91 tang.
Piéu nay co6 thé dugc gidi thich do sy hdp canh tranh
clia cac phan t&r MB tang trén bé mat vat liéu chat hap
phu CM91 khi ndng dé MB tang trong dung dich.

704 —E—q
60
50
§ 4
o 40 -
E ]
o 30
20
10
0+
T T T T T T T T T T T N
0 20 40 60 80 100

C, (mg/L)

Hinh 4: Su phu thudc cta dung lugng hap phu vao
ndng dé ban dau cia MB

Anh hudng ctia lugng chét hdp phu CMIT

Nghién cttu dnh hudng clia lugng chét hap phu CM91
thdng qua nghién ctu sy phu thudc clia dung lugng
hép phu vao luang chat hép phu & digu kién nhiét dé
https://doi.org/10.51316/jca.2022.009
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phong T = 20 °C, lugng chét hdp phu CM91 (g/L) thay
déi tir 1,0 = 6,0 g/L tuong duong khéi lugng CMI1 tur
0,05 + 0,30 g, thdi gian hap phu t = 20 phut, ndng doé
ban dau cta MB la 65,8 mg/L. Két qua trong hinh 5
cho thay, khi nébng dé ban dau clia MB tang thi dung
lugng hép phu MB trén CM91 gidm. Diéu nay phu hgp
vai cong thidc xac dinh dung lugng hap phu (1). Khi
khéi lugng hédp phu tang thi dung lugng héap phu tang.

60 +

T T T T T T T T T T
1 2 3 4 5 6
Lweng chat hap phu (g/L)

Hinh 5: Sy phy thudc ctia dung lugng hdp phu vao
lugng chét hdp phu

Nghién ctu mé hinh hdp phu

Ba md hinh hép phu Langmuir, Freundlich va Temkin
da dugc st dung dé nghién clitu mé hinh hép phu MB
trén vat lieu CM91. M6 hinh Langmuir thudng dugc st
dung dé mo ta su hdp phu don I6p trén bé mat hap
phu ddng nhét [5-7]. Phuong trinh Langmuir dugc mé
ta theo phuang trinh (3).
Qmax KL Ce

(1+ Ky Ce)

e = 3)

Trong dé Ce va ge la ndng dé cliia MB (mg/L) va dung
lugng hép phu (mg/g) & thai diém can bang; Qmax 12
dung lugng hdp phu cuc dai (mg/qg); K. la hang s6
Langmuir (L/mg). Gia tri RL xac dinh theo céng thic (4)
cho thay su phu hgp clia mé hinh véi thuc nghiém néu
RL ndm trong khoang tir 0 + 1 [5-7].

R 1
L™ T w
1+ K;C, ()
M6 hinh Freundlich [5-7]. thudng dugc st dung dé
nghién cttu sy hdp phu da Iép trén cac hé di thé.

Phucong trinh Freundlich dugc mo t& bdi phuong trinh
©)

1
q. = K exp(C, /“) (5)

Trong dé n va Ke (mg" "L /g) 1an luct 1a hang s&
Freundlich va tham s& hdp phu. Néu n nam trong

khodng 1 = 10 chiing to vat liéu hdp phu phtu hgp vdi
chét bi hap phu [5-7].

M6 hinh Temkin [5—-7] m6 t& su hap phu dién ra trén
bé mat khdng déng nhat. Phuang trinh Temkin dugc
thé hién bai phuong trinh (6)

RT
q. — _ln(KTCe)
br 6)

Trong dé, R (8,314 J/mol K) 1a hang s& khi, T (K) la nhiét
do tuyét déi; Kr la hang s6 Temkin (L/mg); br la nang
lugng hédp phu (J/mol).

80
60 -
=
g
=40 ]
@
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Hinh 6: D6 thi biu dién thuc nghiém va cac mo hinh
hép phu

K&t qua trén hinh 6 va bang 2 cho théy, két qua thuc
nghiém dugc thé hién kha tét theo ca 3 mén hinh hap
phu dang nhiét. Diéu nay dugc thé hién & gia tri hé s6
tuong quan R? kha I6n (R? = 0,86 + 0,96). R? dat gi4 tri
cao nhat theo mé hinh Langmuir, v&i dung lugng hap
phu cuc dai dat Qmax = 94,18 mg/g. Két qua nay so vdi
cac két qua da nghién clu trudc dé (bang 3) cho théy,
vat liéu CM91 c6 kha ndng hap phu MB t&t hon mét sé
vat liéu hap phu da dugc nghién cu trudc doé.

Bang 2: Cac tham sé trong cac mé hinh hép phu

M& hinh Tham s6 Gia tri
Qmax (mg/g) 94,18
. Ke (L/mQ) 0,16
Langmuir R2 0.96
Ru 0,06 + 0,55
Ke (mg" ™ LV"/q) 18,09
Freundlich n 2,36
R? 0,86
Kr (L/mg) 1,68
Temkin bt (J/mol) 123,97
R? 0,95

K&t qua xac dinh gia tri tham sé Ri theo phuong trinh
(4) va gia tri n xac dinh theo mé hinh Freundlich cho
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thdy, vat liéu CM91 pht hgp cho sy hdp phu MB trong
nudc [5-7,12]. Nhiét hdp phu xac dinh theo mé hinh
Temkin kha 16n, phu hgp véi giad thiét su hdp phu MB
trén CM91 dugc tao bdi luc tuang tac tinh dién manh
gita MB va CM91.

Bang 3: Dung lugng hap phu cuc dai MB trén mét s6
vat liéu hdp phu

A PN ~ Qmax
Vat liéu hap phu (Ma/a) TLTK

Compozit B& ché/CuFe204 32,25 (7]

Mun cua hoat hoa bang 0,76 [12]

NaOH

Ba che 86,21 [21]

Than hoat tinh tt tinh bot 38,31 [22]

Cacbon hoat tinh tU hat 29,03 [23]

Litsea glutinosa

Chitosan- ligin hoat héa 36,25 [24]

Fe304@Si0; 31,44 [25]

CM91 94,18 Trong
nghién
clu nay

Nghién ctiu dong hoc hdp phu

Céc m6 hinh  déng hoc hap phu gid déng hoc béac 1,
gid déng hoc bac 2 va mé hinh khuéch tan ndéi phan t&
da dugc ap dung dé nghién cliu dong hoc hdp phu
MB trén vat liéu CM91. Cac phuang trinh dong hoc
dang tuyén tinh dugc mo ta lan luct bdi cac phuong
trinh (6), (7) va (8).

Phuang trinh gid dong hoc tuyén tinh bac 1 [5-7]. :

©)

trong do: ge va qt la dung lugng hédp phu tai thai diém
can bang va tai thai diém t (mg/qg); ki la hang s6 téc do
clia md hinh gia déng hoc bac 1 (1/phut).

Phuong trinh gia déng hoc bac 2 dang tuyén tinh [5-7]
c6 dang:

IN(Ge - g1 = In(ge) — kit

t 1 1
—=—+ —t
2
q:  kaqZ  qe @)
14
od v = Co=19.84 . = Co=19.84
(a) ® Co0=46.93 124 ® C0=46.93
A 4 Co0=54.06 Tyl 4 Co=54.06
—] ma v Co=82.46 2 v Co=82.46
i S8
o g
=l Se
= &
=1
6

Trong do, k2 la hang s6 t6c d6 cla mo hinh gia déng
hoc bac 2 (g/mg.phut).

Phuaong trinh déng hoc khuéch tan ndi phan tir [5-7],
c6 dang:

@)

Trong do: Kin la hang s6 qua trinh khuéch tan ndi phan
tr (phtt®), C 13 hang s6 (mg/g) biéu thi dung luong
hap phu tai thai diém t=0.

Qe = Kinto'5 + C

K&t qua xtr ly sé liéu thuc nghiém va cac tham sé trong
mo hinh déng hoc hdp phu MB trén CM91 dugc thé
hién trong hinh 7 va bang 4. Két qua cho thay, cac gia
tri thuc nghiém su hdp phu cda MB trén vat liéu CM91
da tuan theo mé hinh gid déng hoc béc 2 rét tét. Diéu
nay dudc thé hién G hé s6 tuong quan R? gilta két qua
thuc nghiém va mo hinh déu dat gia tri téi da, R =13
tat c& cac nong d6 MB ban dau nghién ciu; dung
luong hdp phu tai thdi diém can bang xac dinh theo
mo hinh rat gén véi gié tri xac dinh theo thuc nghiém.
Két qua cling cho théy khi ndng dé ban dau clia MB
gidm thi hang s6 t6c d6 phan Ung tang, diéu nay cho
thay, khi ndng dd ban dau clia MB nho thi qua trinh
hédp phu MB trén CM91 cang nhanh.

Két qua nghién ctu dong hoc hdp phu nay cho phép
xac dinh nang lugng hdp phu theo cdng thic (9) [26].
Két qua xac dinh Ea = 11,11 = 18,04 kJ/mol khi Co =
19,84 + 82,46 mg/L & 20 °C cho théy, su hdp phu MB
trén CM91 1a hédp phu vat ly, trong dé qué trinh khuéch
tan ngoai déng vai tro chinh [26].

2= RT [In (koge?) = In k2] 9)

Trong do, Ea la nang lugng hap phu (J/mol)

K&t qua phan tich theo mé hinh khuéch tan ndéi phan
tur cho thay, gia tri C cla mé hinh gan dén gia tri dung
lugng hép phu can bang (ge), két qua nay pht hap vdi
két qua nghién cliu & phan Anh hudng cta thdi gian
hép phu, dung lugng hép phu MB 16n ngay & thai gian
hédp phu ban dau. Biéu nay cling cho thay, CM91 la vat
litu hdp phu MB pht hop véi thai gian hdp phu ngan.

(b) /

40 - -—v % e ~—v—v
e hd Co=19.84
Co = 46.93
Co = 54.06
Co = 8246

w
o
L
4pron

T T T T T
0 20 40 60 80 120 0 20 40

t (phut)

60

t (phuat)

: . . ; )
80 100 2 4 6 8 10 12
©5 (phL'ltu‘s)

Hinh 7: M& hinh gid ddng hoc hdp phu bac 1 (a), bac 2 (b) va mé hinh khuéch tan néi phan tir (c)
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Bang 4: Céac tham sé clia cac md hinh déng hoc hédp phu theo cac ndng dé ban déu khac nhau

M6 hinh gia déng hoc bac 1 M6 hinh gi déng hoc bac 2 | MO Ninh khuéch tan nGi
phan tU
Co g exp
(mg/L) . (mg/qg) . Kin
ki (/miny |9 R? - d R? ¢ R2
(mg/9) (9/mg.phdt) | (Mmg/g) (phut®®) | (Mg/g)
1984 | 0,03 012 | 083 | 975 0,64 976 | 1 0,02 958 | 06
4693 | 004 019 | 079 | 23,03 0,38 2305 | 1 004 | 2270 | 040
5406 | 0,05 027 | 076 | 2645 0,30 2660 | 1 004 | 2606 | 0,51
8246 | 005 022 | 066 | 4050 0,22 40,55 | 1 007 | 3985 | 024

Khd néing tdi str dung vt liéu hdp phu

Vét liéu sau khi hdp phu MB dugc gidi hdp phu trong
dung dich H2S04 0,1 M va tach ra dé dang nhd st
dung luc hit cia nam cham véi CM91. Tién hanh st
dung vat liéu sau khi gidi hap, két qua (hinh 8) cho
théy, vat liéu CM91 c6 kha nang tai st dung dé hép
phu MB. Sau 5 [&n gidi hdp phu va tai st dung, kha
nang hap phu MB van con kha cao, khd nang loai bd
MB ra khoi dung dich dat hiéu suét 60,3 %.

100
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80
60
S
T 40
20 -
0 :
1

Hinh 8: Hiéu suét hap phu MB sau khi tai s&r dung

85.34
79.45
72.89

I I I 60-3
3 4 5

2
Sé 1an tai st dung

Két luan

P& t6ng hop thanh cong vét liéu compozit chitosan/
sat tU oxit (CM91) bang phuong phap dong két tla.
Vat liéu phu hgp dé hap phu xanh metylen & pH = 9,
thdi gian hap phu 20 phut. Su hdp phu cla MB trén
CM91 tudn theo moé hinh hip phu déng nhiét
Langmuir vai dung lugng hdp phu cuc dai dat 94,18
mg/g. Qua trinh hdp phu tuén theo md hinh gid dong
hoc bac 2, vdi gia thiét qué trinh hap phu gitta MB va
vat lieu CM91 la hdp phu vat ly trong dé qua trinh

khuéch tan ngoai dong vai tro chinh. Vat liéu co kha
nang tai st dung cao sau 5 lan tai s&t dung.

L&i cam an

Nghién clu nay dugc tai trg bdi Trudng Pai hoc Khoa
hoc — Pai hoc Thai Nguyén trong dé tai ma so
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