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The adsorption of methyl orange (MO) into the water by a chitosan-
magnetite (CM) composite was investigated in the article. The
adsorption process was investigated by parameters, such as pH,
contact time, temperature and initial concentration of MO. Langmuir
and Freundlich isotherm adsorption models were used to analyze the
experimental data. The Kinetic adsorption was studied using pseudo-
first-order, pseudo-second-order, Elovich, and intra-molecular-
diffusion models. The pseudo-second-order and Langmuir models
fitted the adsorption of MO onto CM. The maximum adsorption
capacity calculated using the Langmuir model decreased from 188.88
to 162.99 mg/g when the temperature increased from 293 to 313K.
The adsorption of MO onto CM was an exothermic and spontaneous
process. The adsorption was created electrostatic attraction between
CM and MO. Because of the material's magnetism, CM could easily
recover. After three times of reuse, CM had a quite high adsorption
efficiency.
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Bai b4o nghién ctu qué trinh hap phu metyl da cam (MO) ra khoi
nuéc bang vat lidu composit chitosan - magnetit (CM). Qua trinh hap
phu dugc nghién cuu thdng qua nghién cuu anh huéng cua pH, thoi
gian hap phy, nhiét d6 va ndng d6 ban dau cua metyl da cam. Céc di
liéu thyc nghiém dugc phan tich theo mé hinh dang nhiét hip phu
Langmuir va Freundlich. Dong hoc hap phu dwoc nghién ctu theo
cac md hinh gia dong hoc béac 1, gia dong hoc bac 2, Elovich va
khuéch tan noi phan ti. Két qua cho thay, qué trinh hip phu cia MO
trén CM phu hop véi méd hinh dong hoc bac 2 va mé hinh dang nhiét
hip phu Langmuir. Dung lwong hap phu cuc dai tinh theo md hinh
Langmuir giam tir 188,88 dén 162,99 mg/g khi nhiét do tang tir 293
dén 313K. Qué trinh hip phu MO trén CM la qua trinh téa nhiét, tu
di2n bién. Su hap phu duoc tao bai luc hit tinh dién gita CM va
MO. CM c6 thé d& dang thu hoi nho tir tinh caa vat ligu. CM dat hiéu
sudt kha cao sau 3 lan tai st dung.
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1. Giéi thigu

Hién nay 6 nhiém moi trudng, dic biét 1a 6 nhiém moi truong nude dang 1a van dé nhan duoc
nhiéu quan tdm cua cac nha khoa hoc ¢ Viét Nam va trén thé gigi. Cac phan tir hitu co c6 mau la
nguyén nhan lam giam oxi va kha nang quang hop trong nu¢c. Cac nghién ciru cho thay, 6 nhiém
nguon nudc boi cac chat mau hitu co 1a mot trong nhitng nguy co hang dau gay ra nhimg cin
bénh hiém nghéo cho con ngudi nhu v6 sinh, hiém muodn hay ung thu [1]. Metyl da cam (MO) la
mot thuéc nhuém mau mono-azo dang anion duoc sir dung nhiéu trong cong nghiép dét may,
phong thi nghiém va cac san pham thuong mai khac. Ngo doc MO lam tang nhip tim, nén mura,
vang da, liét ti chi va hoai tt md & ngudi [2]. Do d6 can phai loai bo MO ra khoi méi trudng
nuéc. Co nhiéu phuong phap dugc su dung dé loai bo MO ra khoi nude nhung hap phu duoc sur
dung nhiéu do chi phi thap, d& van hanh, khong gay 6 nhiém thir cip va dung lugng hap phu cao.

Gan day cac nha khoa hoc quan tdm nhiéu dén chitosan - mét polyme sinh hoc ¢ ngudn gdc
tu nhién. Chitosan duoc (ng dung trong nhiéu linh vuc nhu y sinh [3], dugc pham [4], [5], thuc
pham [6], vat liéu hap phu [7],... Do sy ton tai caa nhém amino (-NH.) va hidroxyl (-OH") trong
phan tir nén chitosan dé dang tao cac lién két véi cac chit 6 nhidm, dic biét 1a cac chat 6 nhiém
hitu co [7], [8]. Chitosan ciing dugc két hop vai mot sb cac chit vo co dé ting kha ning xir ly cac
chat 6 nhiém, trong d6 c6 magnetit - Sat tir oxit (Fes04). Khi két hop véi magnetit sé tao thanh vat
liéu dang compozit chitosan — magnetit (CM). Pay 1a vat liéu ¢6 nhiéu wu diém nhu dung luong
hap phu cao, thoi gian hap phu ngan, dé két hop véi chat & nhiém, d& thu hdi va tai sir dung vat
liéu nho tinh chét tir caa vat liéu [9], [10]. Tuy nhién, ¢ Viét Nam con chua c6 nhiéu nghién ciu
vé van dé nay. Do vay, bai bao nay nghién ctiru kha niang hap phu MO bang vt liéu CM thong
qua nghién ctru anh huong cua cac yéu té nhu pH dung dich, thoi gian hap phy, nong d6 ban dau
ciia MO va nhiét ¢ hap phu. Tir d6 nghién ctru vé cac md hinh dong hoc hap phy, diang nhiét hap
phu va nhiét dong qua trinh hip phu. Qué trinh tai st dung vat liéu CM ciing duoc quan tam
nghién ciu.

2. Phuong phap nghién ciu
2.1. Hoa chdt — Thiét bi - Vit liéu nghién ciru

Cac hoa chat duoc str dung trong bai bao gom metyl da cam (Hinh 1), NaOH, HCI (Xilong —
Trung Quéc), nude cit 2 1an. Cac hda chat déu dam bao do tinh khiét phan tich.

Céc thiét bi gdm: May khudy co, may lac, can phan tich, may quang phd hap thu UV-Vis
(Jassco V-770, Nhat Ban) duoc sir dung dé xac dinh nong d6 cia MO tai budc song hap thu cuc
dai la 467 nm.

Vit liéu hap phu compozit chitosan — magnetit (CM) duoc téng hop bang phwong phap in-situ
két hop dong triing hop, vdi ti 1€ chitosan : magnetit 12 7 : 3. QuA trinh tong hop va céc dac trung
vat liéu duoc trinh bay trong tai liéu [11], [12]. Cac dac trung ve c4u trac, tinh chat dugc xac dinh
cho thay Vit liéu CM tdn tai & dang compozit ¢6 cau tric lap phuong tim mit voi kich thuéc

tinh thé 1a 19,3 nm.
-+
SO,Na
O
H,C
Hinh 1. Cdu trdc phan tir metyl da cam

2.2. Nghién cizu qua trinh hdp phu

Qué trinh hap phu MO trén vit ligu compozit CM dugc nghién ciru thdng qua nghién ctru anh
huong cua pH, thoi gian hap phu, nhiét do va nong do ban dau caa MO. O méi thi nghiém, thay
doi cac yeu t6 nghién ctru va ¢ dinh cac yéu té con lai nhu khéi lugng vat lidu hap phy CM m =
0,01 g; thé tich dung dich hip phu V =50 mL, téc do khudy v = 250 vong/phut.
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Khi nghién ctu anh huong caa pH, tién hanh xac dinh dung lwong hip phu cia 50 mL dung
dich MO ¢ ndng do 100 mg/L, thoi gian hip phu 30 phut, thay d6i pH cua dung dich tir 1 + 11
(pH=1,3,5,6,7,8,9, 11) & nhiét do phong T = 293K.

Khi nghién ciu anh huong thoi gian hap phu, tién hanh xac dinh dung luong hap phu cua 50
mL dung dich MO c6 ndng d6 ban dau 1a 218 mg/L, pH = 1, thoi gian hap phu thay d6i tir 5 +
120 phut (t = 5, 10, 15, 20, 30, 40, 60, 80, 100, 120 phdt) tai nhiét do phong T = 293K.

Khi nghién ctu anh hudng cua nhiét do va ndng do ban dau ciia MO, tién hanh xac dinh dung
lwong ciia 50 mL dung dich MO ¢6 nong do ban dau thay ddi Co = 24 + 670 mg/L, pH = 1, thoi
gian hip phu t = 60 pht & cac nhiét d6 hap phu T = 293, 303, 313K.

Dung luong hap phu caa MO tai thoi diém can bang (e, mg/g) va tai thoi diém t (g, mg/g)
duge xéac dinh lan lugt theo phwong trinh (1) va (2).

C,-C)V

qe:% (1)
C,-C)v

qt:% 2)

“Trong d6: Co, Ce, Ct la ndng d6 cua MO tai cac thoi diém ban dau, thoi diém can bang va tai thoi
diém t (mg/L); V la thé tich cta dung dich hap phu (L), m la khoi lugng cua vat liéu hap phu ().

2.3. Nghién crru tai s dung vt ligu hdp phu

Qua trinh tai sir dung vat liéu hdp phu MO duoc nghén ctru thdng qua chu trinh hap phu - giai
hip phu — t&i sinh vat liéu hap phu CM. Cu thé, vét liéu CM sau khi duoc sir dung dé hap phu lan
dau (m = 0,01 g, V =50 mL, Co = 50 mg/L, t = 60 phit, pH = 1) s& duoc tién hanh giai hap, tai
sinh bang 50 mL dung dich NHz 1M, khuay tron trong thoi gian 60 phut. CM dugc thu hdi bang
nam cham, rira 2- 3 lan bang nuéc cat, sdy khd & nhiét d6 70 °C trong vong 24 gio (chu trinh 0).
Chat hap phu CM sau khi téi sinh tiép tuc duoc st dung lam vat liéu hip phu MO (giéng chu
trinh 0). Qua trinh hap phu - giai hip phu - tai sinh duoc thuc hién 3 1an. Sau mdi chu trinh, néng
d6 MO trudc va sau khi hap phu duoc xac dinh gidng nhu phan 2.1.

3. Két qua va thao luan
3.1. Anh hwong ciia pH

Anh huéng cua pH dén dung lwong hdp phu MO trén vt liéu CM duoc thé hién trén Hinh 2.
Két qua cho thdy, khi pH cua dung dich ting tir 1 + 11, dung luong hip phu cua MO trén CM
giam. O méi trudng axit va trung tinh (pH =1+ 7), dung lwgng hap phu giam tir 33,80 dén 14,50
mg/g. Dung lugng MO thip (ge = 9,89 + 5,15 mg/g) & mdi trudng bazo (pH = 8 + 11). Dung
lwong hap phu MO cuc dai tai pH=1. Diéu nay c6 thé giai thich do lién két tinh dién giira MO
va vt lisgu CM trong dung dich. G méi truong axit, nhom sulfuro trong phan tir MO ton tai & dang
anion (-SOz), nhém amin (-NH>) va hydroxyl (-OH) trong phan tir chitosan ton tai & dang cation (-
NH3* va -OH,*). Do véy di xay ra tuong tac tinh dién giita cac nhom chirc c6 dién tich trai dau.
Diéu nay lam dung lwong hip phu cua MO ting khi pH giam. O méi truong bazo, ndng do H*
giam, cac nhdm amin va hydroxyl trong phan tir chitosan tich diém am, bé mat vat liéu tich dién am
s& xay ra tuong tac day gitra cac ion am [13]. Do vay dung lwong hip phu MO cia CM giam.

3.2. Béng hoc qué trinh hdp phu

Két qua nghién ciru anh huéng cua thoi gian va cac md hinh dong hoc qué trinh hap phu MO
trén vat ligu CM duoc thé hién trén Hinh 3. Két qua cho thay, khi thoi gian hap phu ting tir 5 +
60 phut, dung luong hap phu ting nhanh, khi thoi gian ting tir 60 + 120 phut, dung luong hip
phu tang cham va dan dén trang thai on dinh. Diéu nay c6 thé giai thich do ¢ thoi diém ban dau,
cac vi tri hap phu trén bé mat vat lisu CM con tréng, do vay céc phan t: MO dé dang tim thiy
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chding nén téc do hap phu ting nhanh. Tur 60 pht, c4c vi tri hap phu giam dén nén toc do va dung
luong hap phu MO trén CM giam dan.

. 65 | MO
40 MO | = ) A:ﬁ___!_.—!
. 60 |- -
o L
O 30 —
£ S 55 | .
; g r ' o B Thye nghi¢m
20 F & S0 - —— Gi# dong hoe béc 1
r — - — (Gid dfng hoc bic 2
45 : Elovich
10L I . Khuéch tin ndi phén tir
“r n
0 L 1 L | L 1 L | L 1 L 35 L R SR TR R SR
0 2 4 6 8 10 12 0 20 40 60 80 100 120
pH Thai gian (phat)
Hinh 2. Anh hwéng ciia pH dén dung lwong hdp Hinh 3. Anh hweng cua thoi gian va mé hinh dong
phy MO trén CM hoc qué trinh hap phy MO trén vt ligu CM

Tir két qua nghién ctru anh huong cua thoi gian hap phu, cac mé hinh dong hoc hap phu di duoc
nghién cau: mé hinh gia dong hoc bac 1 (phuong trinh 3), m6 hinh gia dong hoc bac 2 (phuong trinh
4), md hinh Elovich (phuong trinh 5), mé hinh khuéch tan néi phan ter (phuong trinh 6) [13], [14].

g =0, (1—e™) (3)
QK

qt_1+qu2t @

0 = % In(ap) +%Int (5)

g =K, t>+C (6)

Trong d6: Ki(1/pht), K, (9/mg.phat) lan Tuot 12 hing sé téc d6 caa md hinh gia dong hoc bac
1 va bac 2; o (mg/g.phat) 1a toc do hap phu dau; p (g/mg) 1a hing sé Elovich; Ki, (mg.phit®%/g) 1a
hang s6 toc do khuéch tan; C 1a hang so.
Bang 1. CAc tham sé Ciia mé hinh déng hoc hdp phu

Mb hinh Céc tham sb MO
Gia dong hoc bac 1 K1 (1/phat) 0,117
ge (Mg/g) 62,22
R? 0,751
Gia dong hoc bac 2 Kz (g/mg.phut) 0,003
de (Mg/g) 67,59
R? 0,999
Elovich o (mg/g.phtt) 106,35
B (g/mg) 0,106
R? 0,923
Khuéch tan noi phan tu Kin (Mg.phit®5/g) 3,123
C 35,583
R? 0,815

Két qua cac tham sb ctia cac mo hinh thé hién trong Bang 1 cho thay, gié tri hé sb twong quan
R? x4c dinh theo md hinh gia dong hoc bac 2 I6n, gan dén 1 (R? = 0,999), cao hon gia tri R? cua
cac mo hinh gia dong hoc bac 1 (R? = 0,751), Elovich (R? = 0,923) va khuéch tan noi phan tir (R?
= 0,815). Mit khac dung luong hap phu ciia MO tai thoi diém 120 phit (gex = 64,52 mg/g) gan
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v6i gia tri dung luong can bang tinh theo md hinh gia dong hoc bac 2 (ge = 67,59 mg/g). Do vy,
qua trinh hap phu MO trén vat liégu CM phu hop véi md hinh gia dong hoc bac 2, vei hang s toc
do phan ung 1a 0,003 g/mg.phut. Két qua nghién ciu nay tring véi két qua nghién cau dong hoc
hap phu MO trén mét sb vat lidu hap phu da nghién ciru nhu cac hat nano NiO, CuO [15], cachon
mao quan CMK-13 [16], chitosan/Al,Os/Fesz04 [17].

3.3. M6 hinh d@ang nhiét hap phu

Két qua nghién ctru anh huong ciia nong do ban dau MO dén dung lugng hap phu tai cac nhiét
do khac nhau (Hlnh 4) cho thay, khi néng d6 ban dau cia MO tang thi dung luong hap phu tang.
Diéu nay co6 the giai thich nhu sau: Nong d6 ban dau cua cac chat bi hap phu trong dung dich co
vai tro cung cap dong luc can thlet dé phan tir chat bi hip phu vuot qua qué trinh chuyén khéi tir
pha long sang pha rin. Khi nong d6 ban dau cia MO tang thi tuong tac gitra cac phan tt MO
trong dung dich va vat li¢u hip phu CM ting dan dén dong luc qua trinh Chuyen khéi tang, MO
Chuyen vao pha ran cia CM nén dung luong hap phu tang. Khi nong d6 ban dau ciia MO ting tir
24,0 dén 348,6 mg/L, toc d6 dung lwong hap phu ting nhanh, dic biét 1a ¢ nhiét d6 293K. Tuy
nhién, téc d6 nay giam dan khi nong do MO ban dau tiép tuc ting 1én. Kha ning hap phu giam
dan khi nhiét d6 tang tir 293K + 313K. Két qua nay cho thay nhiét do 1a mot yéu to tiéu cuc trong
qué trinh hap phu dé loai bo MO ra khoi dung dich nudc.

Puong dang nhiét hdp phu 13 mét trong cac yéu t quan trong trong viéc thiét ké hé théng hap
phu. Trén thyc té, duong déng nhiét hap phu mo ta su twong tac gitra bé mat chat hap phu va chat
hap phu. Vi vy, n6 ludn duoc coi la yéu té co ban dé xac dinh kha nang hap phu va téi vu hoa
chét hap phy. Trong nghién ciu nay, tir cac dir liéu thue nghiém nghién ctru anh huéng cua nong
d6 MO ban dau tai cac nhiét do khac nhau, cac mé hinh hap phu dang nhiét da 4p dung bao gém
md hinh Langmuir va Freundlich. Dang cac phuong trinh hap phu dang nhiét Langmuir,
Freundlich khéng tuyén tinh dugc md ta lan lugt theo cac phuong trinh (7), (8) [13].

_ QmaxKLCe
% = 1+K.C,) @
0, = K exp(C;") ®)

Trong d6: Qmax (mg/g) 12 dung lwong hap phu cuc dai. K. (L/mg) 1a hing sé Langmuir; , Kr
(mg=®M ¥ /g) 12 hang sb Freundlich, n 12 hé sé.

Thuc nghiém va cac tham sé tinh toan tir cac md hinh (Hinh 5, Bang 2) cho thiy, hé sé twong
quan gitra thuc nghiém va ly thuyét (R?) & cac nhiét do khac nhau khé cao, déu I6n hon 0,95. Tuy
nhién, cc gia tri R? tinh theo m6 hinh Langmuir 1a cao hon ca (R? > 0,99). Ngoai ra, su phu hop
ctia md hinh con dwoc xac dinh dya vao gié tri tham sé Langmuir Ry (xdc dinh theo phirong trinh
(10)). Két qua cho thay, cac gia tri Ry lan luot nam trong khoang gié tri 0,108 + 0,004; 0,110 +
0,004; 0,123 + 0,005 khi nhiét do thay ddi tir 293K, 303K va 313K. R, nam trong khoang tir 0 + 1,
1a khoang thuan loi cho qué trinh hap phu [13].

Mt khéc, gia tri n cho biét sy pht hop giita chat hap phu va vat liéu hap phu. Gia tri n duoc xac
dinh tir mé hinh Freundlich ciing nam trong khoang thuan loi tir 1 + 10 [13].

Tir céc phan tich trén cho thay, vat liéu CM la vat liéu pht hop cho qué trinh hap phu MO ra
khoi méi truong nudc. Qué trinh hap phu MO trén CM phu hop véi md hinh hap phu Langmuir,
v6i dung lwong hap phu cuc dai giam 188,879 - 181,933 - 162,988 mg/g khi nhiét do ting tir 293K
- 303K - 313K.

1

R-—— 1
L T14K.C, (10)
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[ m Thuc nghiém T=293K -
120 | —®=—T=293K 120 - @ Thuc nghidm T=303K
| —e—T=303K | A Thuc nghigmT=303K
100 L —A—T=313K 100 Langmuir
| |- - Freundlich A
g 80 - ~§ 80 -
» 60 [ 60
=5 -
40 40 -
20 20
O I | 1 1 1 1 1 1 L 0 I 1 1 1 1 1 1 1
(o] 200 400 600 0 100 200 300 400 500 600
C,(mg/L) C, (mg/L)
Hinh 4. 4Anh hwong cua néng do ban dau MO dén Hinh 5. Cac m6 hinh hdp phu Langmuir va
dung luong hap phu Freundlich
Bang 2. C4c tham sé hdp phu tai c&c nhiér @ khac nhau
Nhiét d¢ (K) Mb hinh Langmuir
gmax (Mg/q) KL.107 (L/mg) R?
293 188,88 0,344 0,992
303 181,93 0,336 0,992
313 162,99 0,298 0,990
M& hinh Freundlich
Nhiét d6 (K) n Ke R?
(mgl—(lln)lLlln /g)
293 1,675 2,998 0,963
303 1,653 2,718 0,957
313 1,542 1,620 0,965

3.4. Nhigt dgng hec qua trinh hdp phu

Dé nghién ctu nhiét dong hoc qua trinh hap phu MO trén vat liéu CM, cac gia tri nang luong
tu do tidu chuan (AGP), enthapy tiéu chuin (AH®) va entropy (AS?) di duoc xac dinh theo phuong
trinh (11).

AG® = AHC - TAS® (11)

Trong d6, AG® dugc xac dinh theo phuong trinh AG® = -RT InKc; Hang s6 can bang K c6 thé
thay bang mét s6 gia tri nhu hang sé dang nhiét Langmuir (K.), hang sb ding nhiét Freundlich
(Kr) va hé s6 khuéch tan (Kq) [19]. Trong nghién cau ny, Ke duge xac dinh tir gid tri K. Do Kc la
gid tri khong thir nguyén nén gié tri K. duoc nhan véi 10° [19]. Gia tri AHC va AS° duoc xé4c dinh tir
dd thi cua AG® véi nhiét 6 T. Két qua cac tham sb nhiét dong duoc trinh bay trong Bang 3. Gié tri
AG® va AH® &m chung t6 qué trinh hap phu MO trén CM 1a qué trinh ty dién bién va toa nhiét. Gia
tri AS® duong, chting t6 qué trinh hip phu gitta MO va vat liéu hap phu la mot qua trinh ngau nhién.
Két qua nay ciing tring véi mot sb két qua nghién ciru da duoc cong b [20]-[24].

Bang 3. Cac tham so nhiét dong qué trinh hap phu MO trén CM

T(K) K.102 (L/mg) AG® (kJ/mol) AHC (kJ/mol) AS° (J/mol.K)
293 0,344 -19,837 -5,515 49
303 0,336 -20,455
313 0,298 -20,817

3.5. Tai si# dung qua trinh hdp phu

Kha néng tai sir dung vat ligu hap phu CM duoc thé hién trong Hinh 6 (hinh trai) cho thay, vat liéu
sau khi tien hanh giai hap van c6 kha nang loai bo MO ra nu6e. Dung lugng hap phu MO cia CM
giam dan sau moi lan tai sinh. Cu thé, dung lwong hap phu MO giam xudng con 82%, 65% va 58% so
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V6i dung luong hap phu ban dau (chu trinh 0) sau 3 lan tai str dung. Két qua nay c6 thé 1a do sy giam
vi tri hap phuy trén vat liéu hip phu CM sau mdi lan ti sinh [24]. S lan tai sinh cang nhiéu thi cac vi
tri hap phu cang giam, do vay dung luong hap phu giam. Qua trinh thu hoi va Iam sach kha dé dang
khi str dung tir tinh caa vat liéu (Hinh 6, phdi).
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0 3

Chu trinh st dung

Hinh 6. Dung heong hap phu MO sau 3 lan tai s dung vt lieu CM (tri) va hinh anh vat ligu thu hai vat ligu
bang nam cham (phdi)

4. Két luan

Vit liéu compozit chitosan — magnetit c6 kha ning loai bo MO ra khoi méi truong nude bang
phuong phap hap phu tai pH = 1, thoi gian can bang hip phu 1a 60 phit. Su hap phu duoc tao boi
lyc hat tinh dién gitta MO va CM. Dong hoc qué trinh hiap phu MO trén vat liéu CM tuan theo
md hinh gia dong hoc bac 2. Su hap phu tuan theo md hinh hip phu ding nhiét Langmuir. Dung
luong hap phu cuc dai giam tir 188,88 dén 162,99 mg/g khi nhiét do ting tir 293 dén 313K. Pay
1a qué trinh ty dién bién va toa nhiét. Vat liéu CM duoc thu hoi dé dang nho tinh chat tir cua vat
liéu. Dung lugng hap phu MO dat 58% so vai vt liéu ban dau sau 3 lan tai sir dung.
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