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ABSTRACT

This study investigated the removal of ciprofloxacin (CIF) from aqueous
solutions using the titanosilicate ETS-10 at 307 K. The effects of key
operational parameters, including pH, contact time, and initial CIF
concentration, were evaluated. The results indicated that the optimal
conditions for CIF removal were achieved at pH = 6 with a contact time
of 180 min. Equilibrium data were better described by the Langmuir-1
linear isotherm model than others, yielding a maximum monolayer
adsorption capacity of 24.86 mg/g at 307 K. This performance
compares favorably with several other reported adsorbents, suggesting
that ETS-10 is a promising material for treating CIF-contaminated
medical wastewater.

Gidi thiéu chung

moi trudng qua nudc thai sinh hoat va y té€ [4]. Nong do
CIF trong nudc théi bénh vién va nudc thai cong nghiép

Su xudt hién clia cac hap chét dugc phdm va du lugng
khang sinh trong mai trudng nudc dang la mét van dé
cép béch déi véi an ninh ngudn nudc toan cau [1,2].
Trong s6 cac chat 6 nhiém mdi ndi, ciprofloxacin (CIF) 1a
mot khang sinh nhém fluoroquinolone thé hé thi hai
dugc st dung réng rai dé diéu tri cac bénh nhiém trung
3 ca ngudi va déng vat [3]. Do khad nang hap thu va
chuyén hoa khéng hoan toan trong ca thé sinh vat, mét
lugng I6n hoat chét nay bi dao théi truc tiép ra ngoai
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dugc phdm da dugc ghi nhén dao déng ti muc vai
ug/L dén hang chuc mg/L [5,6]. Su du thira ham lugng
khéng sinh trong ngudn nudc khdng chi gay déc cho
cac sinh vat thuy sinh ma con lam gia tdng nguy g hinh
thanh cac chiing vi khuan khang thudc, de doa nghiém
trong dén stic khoe cong dong [1,7].

DE loai bo cac chét & nhiém hitu ca khd phan hiy sinh
hoc trong mdi trudng nudc nhu CIF, nhiéu cong nghé
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XU ly da dugc phét trién nhu thdm thdu ngugc, phan
hdy quang hda va hdp phu [4]. Trong dé, hép phu
dugc dénh gia la phuong phap t6i uu han ca nha hiéu
qua loai bd cao, quy trinh van hanh don gian, chi phi
thép va khong phét sinh cac san phdm phu doc hai [8].
Vat liéu ftitanosilicate vi mao quan Engelhard
Titanosilicate-10 (ETS-10) la mét ho zeotype dac biét
dugc phat hién vao nam 1989, s& hitu cdu trdc tinh thé
ba chiéu doc déo dugc tao thanh tir cac mach bat dién
TiOs lién két gdc vdi cac ti dién SiO4 thong qua cac
nguyén ti oxy cau ndi. Cau trdc nay hinh thanh nén
maét hé théng kénh dan vong 12 canh vdi kich thudc 16
ma khoang 0,8 nm [9]. Mét déc diém ndi bat cla ETS-10
3 sy ton tai clia cac chudi bat dién mot chidu TiOg (... -
O-Ti-O-Ti-O-...) mang dién tich &m, dugc bu trur dién
tich bdi cac cation linh déng nhu Na* va K*[10]. Nh&
dung lugng trao déi ion I6n, tinh chét ua nudc manh va
C&u tric x6p dong déu, ETS-10 d& thu hat dugc su quan
tam dac biét trong cac Ung dung trao déi ion, xUc tac va
hap phu chon loc cac chat & nhiém [11].

Trong khuén khd cia nghién ctu nay, ETS-10 dugc st
dung lam chat hdp phu @€ loai bd khéng sinh CIF
trong moi trudng nudc. Nghién clu tap trung vao viéc
nghién ctu anh hudng cla cac yéu t6 nhu pH, thai
gian dén qua trinh hap phu, déng thdi st dung cac mo
hinh dang nhiét dé danh gia kha nang héap phu CIF cla
vat liéu ETS-10.

Thuyc nghiém va Phuang phap nghién cdu

Héa chat

Khéng sinh ciprofloxacin (CIF) si dung trong nghién
cliu nay la dang tinh khiét phan tich. Dung dich géc
CIF v&i ndbng dd ban dau dugc chudn bi bang cach
hoa tan lugng CIF chinh x&c trong nudc cét siéu sach.
Céc dung dich lam viéc c6 ndng dé thap hon dugc
pha lodng tUr dung dich géc nay. Axit HCl 0,1M va
NaOH 0,1 M dugc st dung dé diéu chinh gia tri pH cuta
dung dich khao sat.

T6ng hop vat liéu ETS-10

Vat liéu ETS-10 dugc téng hgp bang phucng phép
thdy nhiét tr hdn hop gel phan Ung c6 chra ngudn
silic tU vo trdu va ngudn titan tu TiCls. Gel phan Ung
thudng dugc kiém soat nghiém ngat theo ty 1& mol
chudn 2,76Na,O: 2,1K:0: 1,0TiO»: 6,12Si0,:0,33TPA-
Br:165H,0. Qué trinh thly nhiét dugc thuc hién trong
binh phan Ung thay nhiét & nhiét d6 230°C trong 24
gid. San phadm ran thu dugc sau phan Ung dugc loc,
rifa sach bang nudc cét dé loai bdo mudi du cho dén
khi pH dat mdc trung hoa, sau dé sdy khd & 100 °C,
trudc khi nung & 500 °C trong 5 gics dé loai bod chét tao
cau truc va thu dugc vat liéu ETS-10 hoan chinh.

Phuong phdp xdc dinh ddc trung vt liéu

Cac dac tinh cdu trdc va hinh thai cla vat liéu t8ng hop
dudc tién hanh phan tich bang cac ky thuét hién dai.
C&u trdc tinh thé dugc xéac dinh bang phuong phap
nhiéu xa tia X dang bét (P-XRD) trén thiét bj Bruker D8
Advance (ngudn buc xa Cu Ko, A=1,5401 A), vd&i viing
quét 20 tir 10° dén 80° (budc quét 0,02°, thai gian cho
0,5 gidy/budc). Hinh théai va cdu tric bé mat dugc
quan sat bang kinh hién vi dién t&r quét (SEM, Hitachi
S-4800). Ngoai ra, cac dao déng dac trung dugc xac
dinh bang phé hdng ngoai bién ddi Fourier (FT-IR,
Jasco FT/IR-4X) tai 25 °C trong ving sé séng 400-
4000 cm™"str dung ky thuat ép vién KBr. Cudi cung,
dac tinh két cdu dugc danh gia thong qua dudng dang
nhiét hdp phu-giadi hdp phu N tai 77 K (Autosorb iQ)
vai dién tich bé mét riéng dugc tinh toan theo mé hinh
Brunauer-Emmett-Teller (BET).

Phuang phdp hdp phu CIF theo mé (batch adsorption)

Qua trinh hép phu CIF Ién vat liéu ETS-10 dugc tién
hanh théng qua céc thi nghiém dang mé & nhiét do
kiém soat 6n dinh tai 307 K. Theo do, 0,1 gram ETS-10
dugc cho vao cac binh tam giac cha 50 mL dung dich
CIF va lac véi t6c dé khong déi 250 vong/phat. Cac
théng s& hap phu dugc khao sat bao gom:
v/ Gia tri pH ban dau cua dung dich dugc diéu chinh
trong khoang tUr 3 dén 11.
v/ Thai gian hdp phu trong khodng tir 5 dén 360 pht.
v Nong do déau clta CIF trong khoang 10 dén 300 mg/L.
Sau cac khoang thdi gian xac dinh, hén hop dugc loc
va thu 18y dung dich sau hdp phu. Nong dé CIF trudc
va sau hdp phu dugc xéc dinh bang phuong phép
quang phé t& ngoai - kha kién (UV-Vis) tai budc song
hép phu cuc dai Amax = 274 nm. Dung lugng hédp phu
tai thai diém can bang (Qe, mg/g) dudc xac dinh theo
cong thurc sau:
— (Co _Ce)x V

m

Qe

Trong do:

Co va Ce 1&n lugt la ndng dé ban dau va ndng doé sau
hép phu (mg/L).

V 1 thé tich dung dich hdp phu (L).

m la khéi lugng clia vat liéu hép phu ETS-10 (g)

Cdc mé hinh ddng nhiét hdp phu phi tuyén tinh va
tuyén tinh

DE danh gid co ché tuong tac & cdp dd phan ti, di
liéu thuc nghiém cén bang hédp phu CIF trén ETS-10 &
nhiét d6 307 K d& dugc mé hinh hda bang ba phuong
trinh déng nhiét la Langmuir, Freundlich va Temkin [12].
Bang 1 trinh bay cac dang phuang trinh tuyén tinh va
do thi tuong Ung clia ba mé hinh nay nhu sau:
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Bang 1: Cac m6 hinh ddng nhiét tuyén tinh

Mb hinh Coéng thic Do thi
C, 1 1 C
ir- ¢=—— C + —< theo C
Langmuir-1 0 0o K, 0, 0, e
1 1 1 1
1_ P 1
Langmuir-2 | Q, [K,,QJ C, Q, | — theo el
, 110 9o,
- =0 —| —|.== O, theo ==
Langmuir-3 | 0,=0, (KLJ C C.
Langmuir-4 % =K,.0,-K,.0, g theo Q,
1 logQ. theo
Freundlich |logQ, =logK +—logC,
n logC.
Temkin Q. = B.InKr + B.InC, | Q. theo InC.
Trong dé:

Qnm la dung lugng hép phu don I6p cuc dai cla vat liéu.

K. 1a hang s6 hép phu Langmuir.

Kr la hang s6 Freundlich.

1/n la tham s& phan &nh dé khong dong nhét cla bé
mat va cudng dé hap phu.

Kt 1a hdng s& Temkin

B la hang s& lién quan dén nhiét hdp phu, dugc tinh

bang biéu thic B :%, trong do R = 8,314 J/(mol K);

br lién quan dén nhiét hap phu (J/mol); T la nhiét do (K)

Két qua va thao luan
Bdc trung caa vat liéu

Céc dac trung cau tric va hinh thai cla titanosilicate
ETS-10 dugc trinh bay tai Hinh 1. K&t qua nhiéu xa tia X
(Hinh 1a) cho thdy mau téng hgp (mau xanh) xuat hién
cac dinh nhiéu xa nhon, cudng dé cao va vi tri hoan
toan trung khdp vai mau ETS-10 chudn (mau den) tu
di liéu Crystallography Open Database (COD) (thé
théng tin ma 7110493, tuong Ung vd&i Card-04-013-
2831). Dac biét, sy xudt hién cta cac dinh dac trung &
vung goc 20 khoang 12,28°, 20,14°, 24,68°, 25,84°,
27,18° va 35,61°[13] la minh chimng cho viéc téng hop
thanh céng pha tinh thé ETS-10. V& hinh théi, anh SEM
(Hinh 1b) cho théy cac tinh thé ETS-10 c6 dang khéi da
dién bipyramid dac trung vai cac géc canh va bé mat
tinh thé phang, sdc nét; kich thudc cac hat trung binh
dao déng trung binh trong khodng 5 — 10 um. Phé FT-
IR (Hinh 1c) x4c nhan cac dao déng dac trung cla
khung céu trdc ETS-10: Binh kép & 1026 cm™ va 960
cm™ tuong Ung véi dao déng kéo dan bat déi xing
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clia lién két Si — O — Si va lién két Si — O — Ti; dinh nhon
tai 723 ¢cm™ dac trung cho dao déng kéo dan cua
chudi bat dién -Ti — O = Ti- trong khi dinh nhd & 662
cm™ phan anh céu trdc vong tinh thé. Ngoai ra, tin
hiéu & 1652 cm™va ving hép thu réng 3400-3625cm”
dugc gan cho dao déng bién dang va kéo dan cla
nhom -OH  tir cac phéan ti nudc hdp phu tu do trong
cac mao quan[10,14]. Cudi cung, dudng dang nhiét
hap phu - khit phu N2 (Hinh 1d) thé hién dang | dién
hinh cla vat liéu vi mao quan vdi sy tdng nhanh lugng
hép phu va déc & vung ap sudt tuong déi rat théap
(p/p° < 0,05), tuang Ung vdi dién tich bé mat tinh theo
mo hinh BET dat dudc la Spe mat = 287,70 m?/g.

Cdc yéu t6 dnh hubng dén qud trinh hdp phu

Anh huéng cta pH

pH cla dung dich 13 yéu t& quan trong quyét dinh dén
khé& néng hap phu CIF cta ETS-10 do nd truc ti€p anh
hudng dén dién tich bé mat cla véat liéu hdp phu cling
nhu sy tdn tai cla cta CIF trong nudc.

Phan t& CIF c6 dac tinh ludng cuc vdi hai gia tri hang
s6 phan ly axit dac trung la pKar = 5,9 — 6,1 (lién quan
dén nhém cacboxylic — COOH) va pKa, = 8,7 — 8,9
(lien quan dén nhom amin trén vong piperazine). Su
thay déi pH mai trudng dan dén su ton tai cla CIF
dudi cac dang dién tich khac nhau, cu thé: O diéu kién
pH thdp (pH < 5,9), CIF t6n tai chu yéu dudi dang
cation mang dién tich ducng (CIF*) do su proton hoda
hoan toan cla nhém chdc amin. Trong khodng pH
trung tinh (5,9 < pH < 8,9), dang luéng cuc trung hoa
(CIF%) chiém uu thé do su ty can bang dién tich trong
ndi bd phan to. O mai trudng kiém (pH > 8,9), CIF ton
tai chu yéu dudi dang anion mang dién tich am (CIF).
Déi vai vat liéu titanosilicate ETS-10 ¢ gié tri diém
dang dién pHezc = 8,6, nghta 1a tai cac gia tri pH cla
dung dich nhd hon 8,6, bé mat vét liéu mang dién
duong. Ngudc lai, néu pH clia dung dich I6n hon 8,6,
bé mat vat liéu mang dién tich am.

Hinh 2a chi ra rang hiéu qua loai bo CIF bang ETS-10
dat gia tri t6i uu tai pH = 6 vd&i dung lugng hap phu la
13,13 mg/g. O cac gia tri pH < 6, xdy ra lyc ddy tinh
dién gilta cac cation CIF* va bé mat vat liéu tich dién
duang, khd nang hap phu gidm. Trong khodng pH tU 6
— 8, ngoai su tuang tac tinh dién gitta dau -COO" cla
CIF v3i bé mat mang dién tich dudng cla vat liéu, cac
phan tr CIF ton tai & dang phan t& dé& dang khuéch
tan sau vao cac 16 x6p, dan dén kha ning hép phu
tang. Khi gia tri pH tang dan tU muc trung tinh dén
kiém, dung lugng hdp phu CIF gidm manh. Su suy
giam nay dudc gidi thich la do su xudt hién cla luc day
tinh dién gitta cac anion CIF- mang dién am va bé mat
am cua ETS-10.
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Hinh 1: K&t qua phan tich dac trung cla vat liéu: XRD (a); SEM (b); FT-IR (c) va BET (d)

Anh huéng cta thoi gian tiép xuc.

Hinh 2b cho théy trong giai doan dau (0 — 10 phut),
qua trinh h&p phu CIF 1én ETS-10 dién ra nhanh chéng
do su sdn co cla mét lugng 16n cac tdm hép phu
tréng trén bé mat ngoai cla vat liéu va chénh léch
néng do CIF gitta dung dich va chét rdn. Sau khoang
thai gian nay, téc dé hép phu cé xu hudng chédm dan
va dat trang thai can bang sau 180 phut. Hién tugng

15
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z
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g
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6
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= |
-
a
0 T T T T
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PH 00 dicn

nay co thé dugc gidi thich 1a do su bdo hoa dan cla
cac vi tri hap phu thuén Igi trén bé mat ngoai, cing vdi
su gia tang luc can khuéch tan khi cac phan to CIF tiép
tuc ti€p can cac vi trf sdu han bén trong cau tric xép
cla vat liéu. Do do, thai gian 180 phut dugc chon 1a
thdi gian t6i uu dé khao sat ddng nhiét clia qué trinh
héap phu CIF trén ETS-10.
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Hinh 2: Anh hudng ctia pH (a) va Thdi gian (b) dén qué trinh hdp phu CIF trén ETS-10

Bdng nhiét qud trinh hdp phu

Két qua nghién cliiu dang nhiét dugc thé hién trén
Hinh 3 va cac thong s6 dang nhiét ducc trinh bay
trong Bang 2.

Dua trén gia tri hé s tuong quan tuyén tinh (R?) tinh
dudgc tu cadc mdé hinh, cho thdy muc dé tuong thich
gifa d liéu thuc nghiém vdi cac mod hinh theo tU tu
lan luot la: Langmuir-3 > Langmuir-1 > Langmuir-2>
Temkin > Langmuir-4> Freundlich. Tuy nhién, theo mo
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hinh Langmuir-3, gia tri dung lugng hdp phu cuc dai
Qm = 0 (do gia tri a = 0 trong phucong trinh dudng
thdng y = a + bx di qua gdc toa do), 1a hoan toan
khong hap ly. Do d6, mé hinh Langmuir-11a mé hinh
mo ta tét nhat di liéu thuc nghiém clia qué trinh hép
phu CIF bdi vat liéu ETS-10 tai 30K vai hé sé tuong
quan R? 16n nhat (R? = 0,9978). Dung lugng hdp phu
cuc dai tinh t moé hinh Langmuir-1la 24,86 mg/g.

Tinh chét thuan Igi cla qué trinh hdp phu cling dugc
chiing minh théng qua hé s& phan tach (R.):
1
R =——
1+K, xC,
Gia tri R. tinh toan nam trong khoang 0 < Ri < 1& moi
ndng dé khdo sat, khang dinh qué trinh hdp phu CIF
lén vat liéu titanosilicate ETS-10 la rét thuan Igi va cé
tinh chéat thuan nghich tu nhién.

Bang 2: Cac gia tri thong s dang nhiét tinh tif cac mé hinh

M hinh Céc thdng s6 dang nhiét M6 hinh Céc thdng s6 dang nhiét
R? 0,9978 R? 1,000
Langmuir—1  Qm (Mg/q) 24,86 Langmuir — 3 Qm (mg/q) 0
K 0,0339 Ki -1
R? 0,9946 Langmuir — 4 R? 0,9447
Langmuir-2  Qm(mg/q) 26,61 Qm (mg/q) 25,47
KL 0,0290 KL 0,0320
R? 0,914 R? 0,9845
: Ke . 0,398
Freundlich ”n 2,23 Temkin Kr (L/mg) '
[(mg/g).(L/mg) "
n 2,20 b (J/mol) 504
| e I —r =
Intercept | 118516 £ 008218 °* .rs::l | oé:;g;n:\;:m
R 1T
Pearson's r 0.99891 lhsidua! Sum of Square_ 2.29949E-4
~ 8 R-Square (COD) 099783 @ 0.00 JPearsonst 086727
> Adj. R-Square Il 0.99747 B | R-Square (COD) | 099455
= i - £ | Ad. R-Square | oses6a
g ° ° 50,154
T R et
o
1 s = 0104
*toe® 0.05-
Md hinh Langmuir-1
0 T T r T 0.00 Mo hinh Langmuir-2
0 *0 100 0 200 0 o0 005 010 015 0.20
ce (mg/l) /€. (L/mg)
= Equation y=atbx 0.7
P\‘:ﬁ Tangmuir 3 () ° «
Intercept 020 0.6
20 4 [Siope T£0
jual Sum of Squares 0
e — : 054
-Square 1 —
@ 154 :a‘qul:u(:sD) 1 g‘ 044
g N .
-~ Equation y=a+b'x
- 104 3034 -
© O TSR IS
0.2 [Stope -0.03199 1 0.0031
54 Residual Sum of Squares| 0.01857
01 Pearson's r -0.97196
PR . N R-Square (COD) 0.94471 o
0 M3 hinh Langmuir-3 Ad. R Square 09355 Mé hinh Langmuir-4
T T T v 0.0 : : ! :
0 5 10 15 20 25 0 g 10 15 20 25
Q./C, (L/g) Q, (mg/q)
s 25 Equati y=as+b'x
Py () ot Temkin )
o ® ° Intercept 2667422 1.07817 e °
o 20 o[siope 50669 £ 025965 °
° e Residual Sum of Squares 381072 Y
~ Pearson's r 099221
104 /"" R-Square (COD). 098449 é
o - ; T 15 [Ad RSquare 09818
@ - [Equation y=a+bx o
°4 7 [Pt Freundich 2 °
[} ~ Intercept 0.34757 £ 0.10447 -
- Slope 0.45481 £ 0.0579 o 104
0.5 ° Residual Sum of Squares| 0.04512 e
Pearson's r 0.95467
R-Square (COD) 0.91139 5]
Ad] R-Square 0.69662 s
o M hinh Freundlich o i ' ' M6 finh Temkin
“o0 05 10 15 20 25 30 0 1 2 3 4 5 6
LogC, LnC,

Hinh 3: D6 thi cac mo hinh dang nhiét tuyén tinh: Langmuir — 1 (a); Langmuir — 2 (b); Langmuir — 3 (c); Langmuir —
4 (d); Freundlich (e); Temkin (f)
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Két luan

Nghién cltu d& ching minh khd nang ng dung hiéu
qua vat liéu titanosilicate vi mao quan ETS-10 trong
viéc xU ly khang sinh CIF ra khoi méi trudng nudc. Qua
trinh hdp phu dat cyc dai & diéu kién t6i uu pH = 6
trong thai gian 180 phdt & nhiét d6 307K. DI liéu thuc
nghiém pht hgp véi md hinh Langmuir-1, ggi y qua
trinh hép phu cé xu hudng tuan theo gia thiét hap phu
don I&p dién ra trén bé mat ETS-10, véi dung luong
hap phu cuc dai dat 24,86 mg/g. Nhiét hap phu tinh tur
mo hinh Temkin 13 504 J/mol > 0 khdng dinh ban chét
cla qué trinh 1a tda nhiét. V&i d6 bén céu tric va kha
nang xu ly hiéu quéa cla ETS-10 budc dau cho thdy
tiém nang nghién cliu dinh hudng x ly nudc thai y té
va loai bd cac du lugng dugc phdm thé hé mdi, cac
khia canh bén viing va kinh té& can dugc xac thuc bang
cac phan tich vong dgi (LCA) va th nghiém véi nudc
thai thuc té.

L&i cam on

Nghién cltu nay dudc tai trg bdi Quy Phéat trién Khoa hoc
va Cong nghé Qudc gia (NAFOSTED) trong khudn khd
dé tai ma s6 103.02-2021.88. Ching t6i cling xin cam on

Trudng Pai hoc Nguyén Tat Thanh, TP. H6 Chi Minh d4
hd trg g sG vat chat can thiét cho nghién cliu nay.
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