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This study evaluated the ability of zeolite to adsorb direct black 22
(DB22) in aqueous solution. The results indicate that the adsorption
depends on pH, adsorption time and initial concentration of direct
black 22. The optimal conditions for the direct black 22 adsorption
are pH level of 4, contact time of 120 and initial direct black 22
concentration of 12,5 g/L (TOC). Under optimal conditions, the
maximum adsorption efficiency of 69,48% was achieved.
Experimental data were evaluated based on Langmuir and Fruendlich
adsorption isotherm models. The kinetics of the adsorption process
were evaluated according to the pseudo-first order, pseudo-second
order and Elovich kinetic models. The results show that the
adsorption process follows the Fruendlich isotherm adsorption model
(Kr = 1.486 mg.g?). The adsorption kinetics follows the pseudo-first
order with the rate constant of 0,0222 min-* (k; = 0.0222 min™).
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Nghién ctru ndy nham muc dich danh gia kha niang hap phu chat
nhuém mau DB22 trong dung dich nuéc cua zeolite. Két qua nghién
ctru cho thay, qué trinh hip phu chat nhuém mau cua zeolite phu
thuoc vao pH dung dich, thoi gian hap phu va ndng d6 ban dau cua
DB22. Hiéu suat hip phu cao nhét dat duoc 1a 69,48% khi pH dung
dich bang 4, thoi gian hdp phu 120 phit va ndng d6 ban dau cua chat
nhuém mau 1a 12,5 g/L (TOC). Sé liéu thuc nghiém dugc danh gia
dua trén md hinh dang nhiét hap phu Langmuir va Fruendlich. Dong
hoc cua qué trinh hap phu dugc dénh gia theo md hinh dong hoc bac
nhét, bac hai va Elovich. Két qua cho thdy qué trinh hap phu tuan
theo md hinh hap phu dang nhiét Fruendlich (Ke = 1,486 mg.g™).
Dong hoc hap phu tuan theo quy luat dong hoc hap phu bac nhat véi
hang s6 téc do hip phu bang 0,0222 phat? (k; = 0,0222 phat?).
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1. Giéi thiéu

Hién nay, 6 nhidm nguon nudc dang 1a mot van dé dang bao dong ddi véi hau hét cac qudc
gia trén thé giéi. O nhidm ngudn nudc gay ra rat nhiéu van dé, dac biét 1a gy hai cho stc khoe
con ngudi, trong d6 c6 bénh ung thu. Vi vay, viéc 1am sach nguén nudc dé tai sir dung 1a van dé
c6 tinh c4p thiét va nhan dwoc su quan tam rat Ion caa cac nha khoa hoc.

C6 rat nhiéu tac nhan gay 6 nhiém ngudn nude, trong d6 c6 nganh cong nghiép thuoc da va dét
nhuom. Nganh thugc da va dét nhuom la nganh st dung luong chat nhuém mau cao nhit va thai ra
moi truong mét luong 16n chat thai 6 nhiém mang mau [1], [2]. Ngoal gay hai cho surc khoe con
nguoi, nudc thai dét nhuom cé do mau rat cao chi voi ham luong rat nho chat nhugm mau, 1am can
tré anh sang va gay hai cho sinh vat thity sinh, ddng thoi gay mat cam quan cho con ngudi.

Chat nhuém mau direct black 22 (DB22) thudc loai chat nhuém mau azo duogc sir dung phé
bién; vi vay thuong ¢ ndng do cao trong nudc thai dét nhuém. Trong phén tir DB22 chia nhirng
nhom azo (-N=N-), phenyl va naphthyl, cdc nhém nay Iam cho phan tir DB22 rat bén va doc hai
néu thAm nhap vao con ngudi thong qua ngudn nudc [3].

C6 rét nhiéu phuong phap khac nhau dwgc sir dung dé khir mau va phan hay thuéc nhudm,
nhu phuong phap hip phu [4], [5]; phwong phap phan hay sinh hoc [6]; phuwong phap dién hoa
[7]; phuong phap quang xuc tac [8]; phuong phap oxi hoa Fenton [9], [10];... Trong do, phucmg
phép hap phu 1a phuong phap don gian, kinh té, thuong duoc sir dung truoc khi &p dung cac
phuong phap xir ly nang cao, pht hop dé xir Iy chat nhuém mau.

Zeolite 1a khoang chit aluminosilicate ngam nuéc tu nhién hoac tong hop, ¢ cau tric da dién
dua trén cac phac hop [SiO]* va [AIO]*. Cac hop chat nay c6 ciu trac dic biét va doc dao cho
phep hap phu hiéu qua céc loai chat gay 6 nhiém mai truong khac nhau [11]. Zeolite chua cac 16
xop rong va séu, dong thoi 6 dién tich bé mat I6n (20+50 m2/g) cho phép ching c6 kha ning hap
phu rat tt cac chat 6 nhidm khéac nhau.

Trong bai b4o nay, anh huong cua cac yéu té nhu do pH dung dich, thoi gian hap phu va nong
d6 DB22 dén hiéu suat hap phu duoc nghién ctru. Bong thoi, mé hinh dong hoc hip phu va mo
hinh dang nhiét DB22 bang zeolite ciing dwoc nghién cuau.

2. Thuc nghiém va phwong phap nghién ciu
2.1. Thuc nghigm

Zeolite ty nhién sir dung cho nghién ctru ¢6 kich thudc hat nhé hon 1 mm dwgc mua tir Céng
ty Nito Funka Kogyo K. K., Nhat Ban. Dic diém cuaa vat liéu zeolite 1a: Dién tich bé mat:
26,1541 m?¥/g; thé tich 156 rdng: 0,252342 cm?/g; kich thudc hat: 38,3594 nm; diém ding dién
(PHpzc): 4,75.

Dé nghién ctu anh huong cua pH dén qué trinh hap phy, nong d6 ban dau cua DB22 (TOC =
41,5 mg/L); ham lugng zeolite 2 gam/L dung dich; thoi gian hap phu 120 phut duoc gitr khéng
ddi. Con pH dugc didu chinh thay doi tir 3+11.

Dé nghién cau anh huéng cua thoi gian dén qué trinh hip phu, cac yéu té dwoc gitr ¢ dinh
bao géom: néng d¢ ban dau cua DB22 (TOC = 41,5 mg/L); ); ham lugng zeolite 2 gam/L dung
dich; pH = 4. Con thai gian hap phu dugc thay d6i tir 10+360 pht.

Dé nghién ctru anh huong nong do dau caa DB22 dén qua trinh hap phy, ham lugng zeolite 2
gam/L dung dich; pH = 4; thoi gian 120 phat. Con ndng d6 DB22 dau vao dugc thay dbi tng véi
TOC tir 6,25+100 mg/L.

2.2. Phwong phap nghién ciru
2.2.1. Phuong phap phdn tich trong phong thi nghiém

Giatri nong d6 chat hiru co ctia chat nhuém mau DB22 dugc xac dinh théng qua phan tich gia
tri nong d6 tdng cacbon hitu co trong dung dich (TOC). St dung phuong phap oxi hod truc tiép
trén thiét bi Multi T/N cho gia tri ndng d6 TOC.
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Hinh thai ciu tric bé mat duoc phén tich théng qua anh SEM. Thanh phan cac nguyeén t6 dugc
xac dinh thong qua pho EDX. Céac nhom cau trdc trén bé mat vat liéu trudc va sau hap phu duoc
phan tich théng qua pho IR.

2.2.2. Phuwong phdp xit 1y s liéu

Hiéu suét xir Iy duoc tinh toan theo phwong trinh (1) va dung lwong hip phu duoc tinh toén

thong qua phuong trinh (2):

H =S Ce 1000 (1)
C0
(C,-C.)Vv
qQ=—"""" (2)
m

Trong d6: H (%) 1a hiéu suat xu ly; q (mg/g) 1a dung luong hap phy; Co (mg/L) la ndng do
DB22 ban dau; Ce (mg/L) 1a ndng d6 DB22 sau khi hap phy; m (g) & khdi luong zeolite.

S6 liéu dugc phan tich, xtr ly. Sau d6, sir dung phan mém SPSS dé tinh trung binh va d¢ léch
chuan. V& d6 thi va chay cac mé hinh dong hoc, mé hinh hap phu bang phan mém origin 19.

3. Két qua va thao luan
3.1. Pic diém cia vt ligu

Hinh thai bé mit cua zeolite duoc bicu dién trén Hinh 1a. Phan tram khéi lugng va s6 lugng
cua c&c nguyén to dugc biéu dién trén Hinh 1b. Pho hong ngoai (IR) cua zeolite dugc biéu dién
trén Hinh 2.

¢ % khéi lwgng % $6 nguyén tir
p
: 18.18 25.47
56.85 59.81
1.25 0.92
sl 2.44
17.51 10.49
0.62 0.27
0.86 0.36
0.83 0.25
100.00

A .
||||||||||| 0 2 9 10 1" 12 13 14 15 16 17 18 19 20|
LBSSTIN Fui Scale 1042 cts Cursor: 14.338 keV (0 cts) KeV]

Hinh 1. 4nh SEM (a) va phé EDX (b) cua zeolite

Két qua anh SEM trén Hinh 1a cho thay, bé mat cua zeolite c6 cau trac khong dong nhat, trén
d6 ¢o nhiéu nhitng 16 nho va nhitng hoc 16n; diéu nay gidp cho zeolite c6 kha ning hap phu da
dang céc chét ca vo co va hitu co.

Dé danh gia do tinh khiét cua vat liéu, phd EDX dugc sir dung. Két qua phd EDX trén Hinh
1b cho thay thanh phan cua zeolit bao géom cac nguyén té C, O, Na, Al, Si, K, Ca, Fe twong &ng
véi thanh phén % khéi luong la 18,18%, 56,85%, 1,25%, 3,91%, 17,51%, 0,62%, 0,86%, 0,83%
va tuong tng voi thanh phan % sb nguyén tir 1a 25,47%, 59,81%, 0,92%, 2,44%, 10,49%, 0,27%,
0,36%, 0,25%. Ngoai nhiing nguyén t5 chii yéu cia zeolite nhu O, Na, Al, Si, K ciing c6 mat
nhiing nguyén t6 khac nhu C, Ca, Fe.

Két qua phd hong ngoai IR trén Hinh 2 cho thiy, zeolite truéc hap phu va sau hip phu DB22
déu xuat hién dao dong cua lién két C=C tai vi tri 1636 cm'®, dao dong cua lién két C-O tai vi tri
1216 cm™ va 1015 cm™, dao dong cua lién két C-H tai cac vj tri 783 cm™, 686 cm™, 629 cm™. Két
qua trén ciing cho thiy, giita zeolite sau khi hip phu DB22 ngoai cac dao dong dic trung cua
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zeolite khong thy xuat hién thém dao dong cua cac lién két khac. Ching to qua trinh hap phy
DB22 khong tao ra cac lién két mai.

110
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Hinh 2. Phé hong ngogi (IR) cia zeolite
3.2. Anh hwong ciia pH dung dich dén khd ndng hdp phu ciia zeolite

Dé nghién ctru anh huong cua pH dén kha nang hap phu DB22 cua zeolite, dung dich nghién
ctiru dugce diéu chinh vé céc gid tri pH= 3+11; b6 sung chat hap phu; tién hanh hap phu trong thoi
gian 120 phut, sau d6 loc mau va phan tich nong d6 DB22 thong qua gié tri ndng d6 TOC trudc
va sau hap phu.
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Hinh 3. (a) Anh huong cia pH dén hiéu qud xii Iy DB22 bang zeolite (TOC = 41,5 mg/L; ham hrong
zeolite 2 g/L; T = 30°C; t = 120 phut), (b) gid tri diem dang dién cua Zeolite
Do pH cua dung dich anh huéng dén dién tich bé mat cua chat hip phy, anh huéng dén su
phan ly cac nhdm chuc tai tim hap phu va anh huéng dén chat nhuéom mau DB22 trong dung
dich. Do d6, d6 pH ¢6 anh huong rét Ion dén toan bo qua trinh hap phu [12].
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Diém dang dién (PHpzc) 12 mot gla tri dong vai tro quan trong trong qua trinh hap phu cac loai
ion tir dung dich Ién be mat chét ran. Két qua xac dinh pHpzc cua vt liéu zeolite cho thiy bé mit
vt lidu c6 tinh axit yéu (pHpzc = 4,75).

Két qua nghién ciru trén Hinh 3a cho thy, ¢ pH < 7, dung lwong va hiéu suat hip phu cua vat
liéu cao hon so véi pH > 7. Trong d6, gia tri pH t6i wu dugc xac dinh 1a 4. Didu ndy co thé dugc
giai thich, trong mdi truong axit véi pH < pHpze (PHpze = 4,75 (Hinh 3b)) thi bé mat chat hap phu
tich dién duong va lam tang cuong khd néng hap phu chat nhuém mau DB22. Gi4 tri pH téi uu
nay duogc st dung cho cac nghién ciu tiép theo.

3.3. Anh hwong cia théi gian hdp phu va nghién ciu déng hec hap phu

Dé nghién ciru anh huong cua thoi gian dén kha nang hap phy DB22 cua zeolite, nong do DB22
dau vao dugc ¢b dinh va pH = 4. Thay doi thoi gian hip phu va thyc hién thi nghiém ¢ cac méc t =
10, 30, 60, 120, 180, 240, 300 va 360 phiit. Két qué thi nghiém duoc biéu didn trén Hinh 4.

Két qua nghién ciru cho thay, khi thoi gian hap phu ting thi dung lugng hip phu va hiéu suét
hap phu tang 1én. Khi thoi gian hap phu 1a 120 phat thi hiéu suat hap phu dat 58,98%. Sau thoi
gian do, dung luong hap phu va hi¢u suat hap phu thay doi khong dang ké. Do do, thoi gian 120

phut duoc lya chon cho nhitng thi nghiém tlep theo.
18
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Hinh 4. Anh hwéng cua thoi gian hdp phu dén hiéu X e s y s
qua xir Iy DB22 bang zeolite (TOC = 41,5 mg/L; Hinh 5. M6 hinh d'or;%ot}'iotz hap phu DB22 bang
ham lwong zeolite 2 g/L; T = 30°C; pH = 4)

Céc sd liéu dong hoc hap phu duoc xir ly théng qua cac md hinh: dong hoc bac nhét [13],
dong hoc bac 2 [14] va phuong trinh dong hoc hap phu Elovich [15], dugc biéu dign trong cac
phuong trinh (3), (4) va (5) tuong ung. Cac két qua nghién ctru dong hoc hap phu duoc biéu dién
trén Hinh 5 va Bang 1.

In(q,-q,)=Ing,— kit 3)
t 1 t
—= +— 4
d kg d, @
In(aB) Int
= L 5
o 5 8 ()

Trong d6: q. (Mg/g) 1a dung lugng hap phu khi dat can bang hap phu; g: (mg/g) la dung
luong hap phu tai thoi diém t; ki, k2 1a hang s6 toc do; o la hang s6 hap phu tai thoi diém ban
dau (mg.gt.ph™) va B hing sé hap phu (mg.g*.ph™).

Két qua nghién ciru duoc biéu dién trén Hinh 5 va Bang 1 cho thay, dong hoc hap phy tuan
theo tot hon mo hinh dong hoc bac nhat (R? = 0,9862) so v&i md hinh dong hoc bac 2 (R? =
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0,9698) va md hinh Elovich (R? = 0,9741). Hang sb toc do cua qua trinh hip phu theo mé hinh
dong hoc bac nhét 1a ky = 0,0222 phat. Két qua nay 16n hon so véi két qua nghién ctru cua tac
gia Eman A. Alabbad [16] vé zeolite hap phu chat nhuém mau DY50 (k; = 0,0092 phut?).

Bang 1. C4c thdng so Ciia cdc mé hinh déng hoc hap phu DB22

M4 hinh dong hec béc 1 M4 hinh dong hec béc 2 M®& hinh Elovich Oe.exp
(mg/g)
Om,cal k1 R? Om,cal k2 R? o B R?
(mg/g) (mg/g)

13,39 0,0222  0,9862 14,23 0,0019  0,9698 1,134 0,337 0,9741 13,85

3.4. Anh hwong ciia nong dé DB22 va nghién cizu dang nhigt hap phu

Dé nghién ctru anh huong cia nong do dau vao DB22 dén kha niang hap phuy cia zeolite, ham
luong zeolite, pH, thoi gian hip phu téi wu duoc ¢b dinh. Thay d6i ndng d6 DB22 dau vao va
thuc hién thi nghiém & cac n6ng d6 TOC: 6,25; 12,5; 25; 37,5; 50; 62,5; 75; 87,5, 100 mg/L. Két
qua thi nghiém dugc biéu dién trén Hinh 6.

Két qua nghién cau cho thy, nong d6 cia DB22 c¢6 lién hé véi dung luong hap phu chét
nhuém mau trén bé mat cua zeolite. C6 thé thay rang, khi nong d6 ban dau cua DB22 ting 1én thi
dung lugng hip phu ting dan 1én dén gi4 tri cuc dai. Khi nong d6 dau cua DB22 14 12,5 mg/L thi
hiéu suat hip phu dat gia tri cao nhat la 69,48%.

Nhiét dong luc hoc cua qué trinh hip phu dwoc nghién ciu dyua trén mé hinh hap phu ding
nhiét Langmuir va Fruendlich.

M0 hinh hap phu ding nhiét Langmuir dwoc mé ta boi phuong trinh sau:

C C
Teo T4 ©)

d. 9.K. d,

Trong do, Ce la nong d6 cua chat mau khi dat can bang hap phuy, ge 1a dung lwong hap phu can
bang. Cac hang s6 trong phuong trinh hap phu dang nhiét Langmuir 12 gm va Ky c6 lién quan dén
dung lugng hqp phu va nang luong cua qua trinh hap phu.

M©6 hinh hap phu Freundlich dugc biéu dién bai phuong trinh:

g, =K.C" )

Céc hing s6 trong md hinh hap phu Fruendlich la Ke va n c6 lién quan dén dung luong hap
phu va cuong do hap phu. ) o

Két qua nghién ciru nhiét dong hoc hap phu duoc biéu dién trén Hinh 7 va Bang 2.
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Hinh 7. Mé hinh d@ang nhiét hdp phu DB22 bang
zeolite
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Gi4 tri R? theo m6 hinh hap phu dang nhiét Langmuir va Fruendlich tuong tng 1a 0,9741 va
0,9875. Ciing tinh dugc dung lwong hip phu cuc dai la qm 12 17,21 mg.g™, hing sé hap phu K.
la 0,0186. Hang sé K trong phuong trinh hap phu Fruendlich phan anh dung lwong hap phu la
1,486 mg.g . Két qua nghién ciru nay cho thay, mé hinh hip phu dang nhiét Fruendlich phi hop
hon dé mo ta can bang hap phu dang nhit. Két qua nghién ctru nay phi hop vei két qua nghién
ctru ctia mot so tac gia trén thé gidi [16], [17].

Bang 2. Cac thdng so Ciia mé hinh dang nhiét hap phu DB22

Mb hinh Langmuir M& hinh Freundlich Qe,exp (MQ/Q)
gm (Mg/g) KL R? Ke 1/n R? 1728
17,21 0,0186 0,9741 1,486 0,547 0,9875 '

4. Két luan

Két qua nghién cau hap phu chat nhudém mau DB22 bang chat hap phu zeolite cho thay qué
trinh hap phu bi anh hudng chu yeu boi do pH, thoi gian va nong d6 dau cua chat nhuom mau.
Hiéu suat hip phu dat gié tri cao nhat 14 69,48% khi nong d6 dau cia DB22 12 12,5 mg/L, pH cia
dung dich 12 4 va thoi gian hap phu 1a 120 phat. Bong hoc hap phu tuin theo mé hinh dong hoc
hip phu bac nhat (R? = 0,9862), dong hoc hip phu xay ra kha nhanh thé hién & hang sé téc do
hip phu k; = 0,0222 phat™. Két qua ciing cho thiy qua trinh hip phu tuan theo mé hinh hap phu

dang nhiét Fruendlich véi hing sé Kr 1a 1,486 mg.g™
Loi cam on

Cong trinh nghién ciru nay duoc tai trg nguon kinh phi boi Bo Gido duc va Pao tao qua dé tai
ma so: B.2020-SP2-01.
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