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SUMMARY

ENHANCED EFFICIENCY OF CIPROFLOXACIN ANTIBIOTIC TREATMENT
IN WATER ENVIRONMENT OF HYDROTALCITE MATERIALS MODIFIED
BY Co?" ION

Hydrotalcite materials Mg gs7Alg.333(OH)2(CO3)0.167.0.5H,0 modified by different amounts of Co%"ions were
synthesized by the co-precipitation method at pH = 9.5. Characteristics of the materials showed that all six
synthetic material samples had a double layered structure similar to hydrotalcite. BET specific surface
increased slightly from 5.03 to 12.03 and 12.85 m?/g when increasing the molar ratio of Co?* in the MgAIH,
1.5CoMgH, 3.0CoMgH samples. The band gap energy (Eg) decreased from 3.64 eV to 1.99 eV when
increasing the ratio of Co?* in the material samples from 0 - 3.0. All synthesized material samples exhibited
good adsorption capacity of ciprofloxacin (CIP) at pH = 10,0 with g = 158.7 mg/g according to
Langmuir model. The highest adsorption efficiency for a CIP solution with an initial concentration of 25
ppm was about 80% on sample 1.5CoMgH. The photocatalytic and adsorption activities of hydrotalcite
material samples modified with Co?* ions were consistent with the results of structural characteristics,
especially UV-Vis DRS spectra. General performance for both adsorption and absorption processes
reached 67 - 80% after 240 minutes of adsorption and illumination at an initial pH of 6.5.

Keywords: Hydrotalcite, co-precipitation, adsorption, degradation, photocatalytic.

1. MO PAU khang sinh xuit hién nhiéu trong moi
Trong nhitng ndm gin day nhidu loai truong nude phai ké dén la tetracycline,
£ ciprofloxacin, sulfamethoxazole,

khang sinh da xuat hién trong moi truong
nudc mit ¢ nhiéu noi trén thé gidi. Mic
du nong do cua cac loai khang sinh trong
nuéc mat kha thip (one-hundred ng/L dén
pg/L) nhung ching cé thé gay ra nhiéu hé
luy nguy hai cho con ngudi va moi
truong, dac biét la van nan khang khang
sinh ciia cac loai mam bénh gay kho khin
cho cong tac chita bénh [1-2]. Mot sb loai

ofloxacin, ..[3]. Ciprofloxacin la loai
khang sinh thuoc nhém fluoroquinolon
duogc str dung dé diéu tri cac bénh nhiém
trung & nguoi va dong vat [2]. Viéc phat
thai ciprofloxacin ra ngoai moéi truong du
& bét ky nong do nao ciing da va dang tao
thach thirc dbi véi chung ta trong viéc
khic phuc hau qua 6 nhiém do no6 gy ra.
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Cac chat nén hydroxide 16p kép va
hydrotalcite da duoc nhiéu nha khoa hoc
nghién ctru ché tao thanh cong va tng
dung dé xur 1y moi truong [3]. Khi bién
tinh cac vét liéu nén hydroxide kep,
hydrotalcite bang cac kim loai chuyén
tiép, kim loai qui, ngudi ta da thu duoc
cac vat liéu moi ¢o6 hoat tinh hép phu, dac
biét 1a hoat tinh xuc tac tét hon hin so véi
cac vat liéu ban dau chua bién tinh [3-4].
Trong s6 cac kim loai chuyén tiép, cobalt
cling dugc ung dung rong rai trong linh
vuc tong hop vat liéu hap phu va xuc tac.
Céc vat liéu hydroxide kép chua Co, céc
vat liéu hydrotalcite chua Co da dugc
tong hop, nghién ctu dic trung ciu trac
va g dung lam vat liéu hap phu, quang
xuc tac xur 1y cac loai phim mau, khang
sinh trong moéi truong nudc [3-5]. Tuy
nhién, cac vat liéu hydrotalci:te
Mgo,667A|o,333(OH)z(CO3)0,167.0,5H20 bién
tinh bang cac lwong ion Co*" khac nhau
chua dugc tap trung nghién ciru mét cach
hé thdng, dic biét 1a nghién ciru ing dung
lam vat litu hdp phy, xtc tic xir ly
ciprofloxacin trong moi truong nude. Voi
nhimng 1y do nhu vay, chung t6i da tién
hanh tong hop day Vat heu hydrotalcite
bién tinh biang ion Co?* theo ti 1& mol
(Co* + Mg2+) AI** = 7:3, trong d6 lugng
Co* thay d6i tir 0 + 3, 0 trong cac mau
vét liéu bién tinh. Cac mau vat liéu tong
hop duoc nghién ciu dic trung ciu truc,
hoat tinh hap phuy, quang xuc tac ddi voi
ciprofloxacin trong moéi truong nudc.

2. THUC NGHIEM
2.1. Tong hop vat liéu

Cac vat ligu hydrotalcite bién tinh bang
ion Co*" dugc téng hop theo phuong phap
dong két taa tir cAc mudi nitrate cua cac
Kim loai Al(NO3)3.9H,0,
Mg(NO3),. 6H20 CO(N03)2 6H,0
(Merck). Khdi luong cac mubi nitrate
dugc ldy dam bao ty 1&¢ mol
(Co**+Mg*"):AI** = 7:3. Str dung Na,COs3
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dé cung cép ion CO3™ 16p xen giita va
dung dich NaOH 2 M, HCI 0,5 M dé diéu
chinh pH trong qué trinh téng hop vét
liéu. Qua trinh téng hop vat liéu duogc
thuc hién theo tai liéu [6-7] va dugc mo ta
trong Hinh 1 dudi day.

2.2. Khio sat dic trung ciu tric vat
liéu

Thanh phéan pha tinh thé dugc xac dinh
bang gian dd nhidu xa tia X trén thiét b
MiniFlex600 ctia hang Rigaku — Nhat
Béan tai Truong Pai hoc Khoa hoc Tu
nhién — Pai hoc Qudc gia Ha Noi. Thanh
phan cic nguyén td trong miu dugc xéac
dinh bang pho EDS va cic anh SEM cua
vat liéu duoc do tai Vién Vit liéu — Vién
Han Lam Khoa hoc va Cong ngh¢ Viét
Nam trén cac thiét bi HORIBA
instrument 7593-H va Hitachi S-4800
instrument (Nhat Ban). Cac duong dang
nhiét hip phu/giai hip phu N, dugc do
tai Khoa Hoéa hoc - Truong Pai hoc Su
pham Ha Noi trén thiét bi TriStar 3000
V6.07A cuia hang Micromeritics (MY).
Phé UV-Vis DRS duoc do trén may U-
4100 Spectrophotometer tai khoa Hoa
hoc - truong Pai hoc Su pham - Dai hoc
Thai Nguyén.

2.3. Nghién ciru hip phu, phin hiy
quang hoéa CIP

Nghién ciru hdp phy CIP

Céc yéu to anh huong dén qua trinh hip
phu CIP dugc tién hanh khao sat 1a: pH
dung dich, thoi gian khudy, nong d6 CIP
ban dau... Mdi thi nghiém khao sat déu
duoc thuc hién 3 1an trong cung diéu kién.

Anh huong cia pH méi truong va thoi
gian khudy: Cho vao 6 cbc thuy tinh loai
500 mL 250 mL dung dich CIP 25 ppm
dugc pha trong nudc cat mot lan. Tién
hanh diéu chinh pH cta cac dung dich tir
pH ban dau = 6,5 dén cac gia tri pH khao
sat 1a 3,0; 4,0; 8,0; 10,0 va 12,0 béng cach
stt dung dung dich HC1 va NaOH. Nong



dd cua dung dich HCI va NaOH duogc luya
chon phu hop dé thé tich dung dich CIP
trong cac coc thay dbi khong dang ké.
Thém 0,2 gam vat li¢u 1,5CoMgH vao 6
cde trén va tién hanh khudy déu trén may
khudy tir trong 180 phut véi téc do 500
vong/phat & nhiét do phong (28+1°C).
Sau mdi khoang thoi gian 30 phut,
khoang 5-7 mL mau dugc léy ra, ly tam,
pha lodng 2 lan va pH dung dich dugc
diéu chinh vé khoang pH ban dau dé xac
dinh ndng do CIP con lai.

Anh hwong cia lrong Co®* bién tinh vit

liéu hydrotalcite: Can 0,2 gam 6 mau vat
liéu téng hop cho vao cdc thay tinh c6
dung tich 500 mL chtra 250 mL dung dich
CIP 25 ppm d3 dugc diéu chinh dén pH =
10,0. Tién hanh khudy cac cdc trén trong
khoang thoi gian 180 phut trén may khudy
tr & nhiét do phong (28+1°C), téc do
khudy duoc diéu chinh khoang 500
vong/phiit. Sau mdi khoang thdi gian 30
phut, khoang 5-7 mL mau dugc 1y ra, ly
tam va pH dung dich duoc diéu chinh vé
khoang pH ban dau dé xac dinh nong do
CIP con lai.

Mudi nitrate cua cac kim loai Al, Mg, D dich A 25 mL Na,CO3; 0,6 M dugc nho
Co dugc hoa tan trong 150 mL nuéc cat > “ngdg‘c »  tirtir cho dén hét vao ddA,
hai 1an (ddA) khudy 60 phut

Gia hda gel 6 80 °C,

!

24 gid trong cdc thuy tinh| ¢

Khuay gel trén may
khuay tir 60 phat ¢ nhiét

Dieu chinh pH cua hdn hop
bang dung dich NaOH 2 M

A

500 mL d6 phong denpH =95
_ v
Rira chat ran thu dugc Shy chét rén ¢ 80 °C .| Cac miu MgAIH, nCoMgH
bang nuéc néng (70 °C) ———> trong 24 h g
vai landénpH =7

Hinh 1. Cdc buéce téng hop vit liéu hydrotalcite bién tinh bang ion Co* bang phiong phdp dong két tia

Anh hweong nong dé ban dau cia CIP:
Cho vao mdi cdc thiy tinh 500 mL 250
mL dung dich CIP c6 néng do 10; 20; 30;
40; 50; 60; 80 va 100 ppm. Tién hanh
diéu chinh pH cia cac dung dich dén pH
= 10,0. Tiép d6, 0,2 g mau vat liéu
1,5CoMgH dugc thém vao céc coe trén.
Tién hanh khudy céc cdc trén trong
khoang thoi gian 60 phut trén may khudy
tr & nhiét do phong (28+1°C), tbe do
khudy dugc diéu chinh khoang 500
vong/phut. Sau d6, khoang 5-7 mL mau
duoc 13y ra, ly tim va pH dung dich duoc
diéu chinh vé khoang pH ban dau dé xac
dinh néng do CIP con lai.

Hiéu suit hép phu CIP dugc xéc dinh theo
cong thirc sau:
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H%= C"C ® 100% (1)
Trong do: Co la nong do dung dich CIP
ban dau trude khi hap phu (mg/L), Ce la
noéng do dung dich CIP sau moi khoang
thoi gian hap phu (mg/L), H% 1a hiéu suat
hép phu (%).

Nong d6 CIP con lai trong dung dich
dugc xac dinh theo phuong phép do do
hap thy phan tir cia CIP ¢ 271 nm [1], sir
dung thiét bi UV-Vis 1700. Nong do CIP
con lai trong dung dich dugc tinh toan
theo phuong phap dudng chuin y =
0,0916x - 0,0045 (R* =0 ,9997). Cac dung
dich CIP duoc do & cung diéu kién giong

voi didu kién xay dyng duong chuan (s
dung nudc cit mot 1an, diéu chinh pH vé
khoang 6,5).



bé xac dinh dung luong hép phu cuc dai

ciia vat liu déi voi CIP, chung toi sir

dung phuong trinh Langmuir dang duong

thang biéu thi sy phu thudc ctua Cep/q VA0

gia tri Cgp theo cac cong thic sau [2]:
Co_ 1| G

= —+
b

@)

Trong d6, ge V& Qmax la dung luong hép
phu can bang va dung luong hip phu cuc
dai cua vat liéu (mg/g). b 13 hing sd
Langmuir. Tir dudng thing phu thudc
Cev/q= vao gia tri C¢p dang y = ax + b, ¢o
thé xac dinh duge dung luong hép phu
cuc dai cua vat liéu theo cong thirc:

qe qmax qmax

(mg/g) (3)

Khdo sdt hoat tinh xiic tic ciia cdc méu
vdt liéu tong hop doi voi CIP

(Omax = -

Chung t6i tién hanh khao sat _kha nang
phén hiy quang hoa cua cac mau vat liéu
tong hop d6i voi CIP theo hai budc dudi
day. Pau tién, tién hanh khudy hén hop
gdm 0,2 g vat liéu téng hop voi 250 mL
CIP nong do 25 ppm trong bong t6i 60
phiit dé dat can bang hap phu. Sau dé, 1,2
mL H,0, 30% dugc thém vao hon hop
phan tmng, tién hanh khao sit kha ning
phan huy CIP dudi anh sdng dén LED 30
W (Amax = 464 nm) theo thoi gian chiéu
sang [6]. Sau moi khoang 30 phut, tién
hanh 1dy mau, ly tdm, pha loang 2 lan va
do do hidp thu quang phéan tir tai budc
s6ng 271 nm dé xac dinh nong do CIP tai
cac thoi diém 1y mau. Tur 4o, co thé so
sanh dugc hoat tinh quang xuc tac cia cac
mau vat liéu tong hop. Tién hanh cac thi
nghiém trong cung dleu kién, cung thoi
diém voi tat ca cac mau vat liéu tong hop,
13p lai mdi thi nghiém 3 lan. Hiéu suét xir
1y CIP (g6m ca hap phu va quang xuc tac)
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dugc tinh theo cong thirc dudi day:

H%= === 100%

0

(4)

Trong do: Cp 1a néng dd dung dich CIP
ban dau (mg/L), C; 1a ndng d6 dung dich
CIP sau mdi khoang thoi gian khao sét
(mg/L), H% 1a hiéu suat xur 1y CIP (%).

3. KET QUA VA THAO LUAN
3.1. Pic trung céu tric vat liéu
Gidn do6 nhiéu xa tia X (XRD)

Gian dd XRD cua 6 mau vat liéu téng hop
& Hinh 2a cho thdy, tit ca cdc mau vat
lidu tong hop déu xuat hién cac dinh pic
dic trung cho cdu tric tinh thé cua
hydrotalcite & cac goc 20 = 11,4° (doos),
22,9° (doos), 34,8° (doog), 39,2° (do1s), 46,6°
(d018), 60,60 (dllo); 61,90 (d113). Tu cac gla
tri dogs, di10 thu duoc, co thé tinh thong sb
mang cua vat liéu a, ¢ dugc trinh bay
trong Bang 1: a l1a khoang céach gilra cac
ion kim loai va ¢ 1a bé day cia 16p bruxit
[6-7]. Cac thong s6 a ctia 6 mau vat liéu
tong hop thay d6i twong d6i dong déu
trong khoang 3,046 + 0,01 (A), cac thong
sO ¢ thay d6i khong dang ké, trong
khoang 23,379 + 0,21 (A. Dya vao céc
thong s dgos, dooe, di10, a, c co thé két
ludn rang cac mau vat liéu tong hop déu
¢6 dic trung cho ciu trac dang bruxit cua
hydrotalcite v6i ion CO3~ nam giita cac
16p va c6 sy thay thé dong hinh giita cac
ion Co?* véi ion Mg?* trong mang lui
Bruxit [6],[8]. Ngoai ra, cuong d6 va
chiéu cao dinh pic tai goc nhiéu xa 11 4°
(003) déu giam khi tang luong ion Co?*
trong cac mau vat liéu bién tinh, cho thay
¢ su suy giam ciu trac 16p kép cua cac
vat lidu hydrotalcite bién tinh bang ion
Co™.



[ (003)

—— MgAlH (1)
—— 2,0CoMgH (4) —— 2,5CoMgH (5) —— 3,0CoMgH (6)

(006)

—— 1,0CoMgH (2) —— 1,5CoMgH 93)

012)

10 20

30 40 50
2-Theta Scale (°)

60

1.00um J IMS-NKL 5.0kV 5.5mm x30.0k SE[M)

A\
~ 70 -(E}gAIH(a) ——1,0CoMgH (b)) —— 1,5COMgH (c)
R 1.0 DCoMgH (d) —— 2,5CoMgH (e) —— 3,0CoMgH (f)
& 60 -
o [}
Es E-]
e, HOA ) 3)
= 40
= ).6
@
220 204
2 g
. 10
g 0.2
]
0.0 0.2 04 0.6 0.8 1.0 0.0
Ap suit (P/P?) 200 300 4(’JO i 500 600 700 800
Bwdéc séng (nm)
10 10
——lgAIH ——3,0CaMgH
8t 8t
=6t = 6}
- >
= £
= 4t = 4}
2t 2t
0 > 0 ¢ v v
1.5 20 25 30 35 40 45 50 55 1.5 2.0 25 3.0 35

Néng lwgng Eg (eV)

Ning lwgng Eg (eV)

Hinh 2. (a): Gian d6 XRD ciia cdc mau vt liéu tong hop, (b): phd EDS ctia 3 mau vt liéu tong hop
MgAlH(1), 1,5CoMgH(2), 3,0CoMgH(3), (c): anh SEM cua 3 mau vat liéu MgAIH(1), 1,5CoMgH(2),
3,0CoMgH(3), (d): dwong ddng nhiét hap phu/gidi hdp phu N, (BET) cua 3 mau vt lieu MgAIH(1),
1,5CoMgH(2), 3,0CoMgH(3), (e): pho UV-Vis DRS ciia cdc mau vt liéu tong hop (1), do thi Tauc-Mott ciia

madu vat lieu MgAIH (2) va 3,0CoMgH (3)

Bang 1. Mot 56 két qud phdn tich ddac trung cdu triic vat liéu téng hop

. Ti’lé _mol ; ; Thong s6 mang Niing luong viing
ST i | dsion | ds | G T | el B
1 MgAIH 0:7:3 7,750 1,519 3,046 23,567 3,64
2 1,0CoMgH 1:6:3 7,723 1,522 3,043 23,154 2,19
3 1,5CoMgH | 1,5:5,5:3 7,934 1,525 3,032 23,487 2,14
4 2,0CoMgH 2:5:3 7,916 1,526 3,034 23,293 2,04
5 2,5CoMgH | 2,5:5,2:3 7,848 1,524 3,059 23,633 2,03
6 3,0CoMgH 3:4:3 7,736 1,527 3,062 23,140 1,99
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Ket qua phan tich thanh phan % nguyén
t6 trontg mau

Két qua ‘phén tich thanh phan % cac
nguyén t6 trong 3 mau vat liéu dai dién
cho day la MgAIH, 1,5CoMgH,
3,0CoMgH trén Hinh 2b cho thiy ti 1& cac
nguyén t6 Mg:Al trong miu MgAIH,
Co:Mg:Al trong hai mau 1,5CoMgH va
3,0CoMgH gan x4p xi ti 1& cac nguyén t6
theo tinh toan 1y thuyét de téng hop mau
Két qua nay chimg té rang cic ion Co?*
va Mg c6 kha nang thay thé dong hinh
v6i nhau, hoan toan phu hop voi két qua
phan tich gian d6 XRD cho cic mau vat
liéu tong hop.

Anh SEM ciia cdc vt lidu

Két qua chup anh SEM cua 3 mau vat liéu
dai dién trong day la MgAIlH, 1,5CoMgH,
3,0CoMgH trén Hinh 2¢ cho thy cac mau
vat lidu phan tich déu co6 cau trac 1op
phién giéng hydrotalcite. Tuy nhién, trén
mau vat liéu 1,5CoMgH va 3,0CoMgH
xuat hién thém céc khéi hat xen 1an véi
cac phién hydrotalcite, mat d cac hat nay
tang khi ting lugng Co?* trong miu vat
liéu, dong thoi cac phién hydrotalcite ctia
hai mau vat lieu 1,5CoMgH va
3,0CoMgH kém ddng déu hon so véi mau
hydrotalcite MgAIH, ching t0 ¢6 sy suy
giam cau trac 16p phlen cua cac Vat liu
hydrotalcite khi bién tinh bai ion Co®*

Puong dang nhiét hNde phu/giadi hdp phu
N2 (BET) cua cac mdu vat liéu tong hop

Céac duong dang nhiét hap phu/giai hap
phu N, (BET) ¢ Hinh 2d cho thay ca 3
mau vit lidu tong hop dai dién déu co
duong hap phu va giai hap phy thudc loai
IV, kiéu H3 theo cach phan loai cua
IUPAC, dac trung cho mao quan trung
binh [6-7]. Dién tich bé mat BET cua 3
mau vat lieu MgAIH, 1,5CoMgH,
3,0COM%H tuong tng 1a 5,39; 12,03 va
12,85 m“/g; Duong kinh mao quan trung
binh cua 3 mau vat liéu tuong ung la
26,70; 25,47 va 19,96 nm; Thé tich mao
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quén tuong (mg 13 0.035; 0,072 va 0,064
cm®/g.

Phé UV-Vis DRS ciia cdc mau vit liéu

Pho UV-Vis DRS ciia cac miu vat ligu
tong hop dugc thé hién ¢ Hinh 2e cho
thdy cac mau vat liéu hydrotalcite bién
tinh bang ion Co** déu c¢6 bd hip thu dich
chuyén manh sang ving nhin thy (> 400
nm) theo chidu ting cia ti 1& mol
Co“":AP** trong cac mau tr 1,0:3; 1,5:3;
2:3; 2,5:3; 3:3. Nang lugng vung cAm Eq
dugc xac dinh theo phuong trinh
Kubelka—Munk va d6 thi Tauc — Mott [1]:

(ahv)? = A(hv—Eg) (5)

Ning luong ving cAm Eq cua cac mau vat
liéu gidm manh tur 3,64 eV (mau MgAIH)
xudng 2,19 eV (mau 1,0CoMgH), sau d6
giam cham déu tir miu 1,0CoMgH dén
mau 3,0CoMgH (Bang 1). Cac mau Vét
lidu hydrotalcite bién tinh béng ion Co?*
c6 nang luong ving cAm _Eg giam manh
nén cé thé dy doan cac mau vat liéu bién
tinh nay déu c6 hoat tinh quang xuc tac
t6t dudi anh sang kha kién.

3.2. Két qua khio sat mét so yéu t6 anh
hwéng dén kha ning hip phu CIP ciia
cac mau vt liéu tong hop theo phuwong
phap hip phu tinh

3.2.1. Anh hudng ciia pH moi truwong va
thoi gian khuay

pH méi trudng 1a mot trong nhing yéu to
anh huong quan trong dén kha ning hép
phu cua céc vat li¢u ndi chung, Béi vi nod
lién quan t6i dién tich bé mit ctia cic mau
vat liéu va kha nang proton hoa hodc
anion hoa cta cic chat bi hip phu trong
cac mdi truong pH khac nhau. O day,
ciprofloxacin cé thé ton tai & 3 dang khac
nhau phu thudc vao pH méi truong. Dang
cation do nhom -NH; cta CIP bi proton
hoéa trong moi truong acid ¢c6 pH < 5,9
(dang 1), CIP ton tai ¢ dang ion ludng cuc
trong khoang pH tir 5,9 dén 8,89 (dang 2)
va dang anion do nhém —COOH vi anion



hoéa trong moi truong base & pH > 8,89
(dang 3) [2]. Trong khi do, cac vat liéu
hydrotalcite c6 cAc nhom hydroxide (OH)
c6 thé bi proton hoa trong méi trudng
acid hodc anion hoa trong moi truong
kiém, dong thoi c¢6 cac anion CO3~ 1ép
xen gitta dugc cho 13 c6 kha ning trao d6i
anion vd&i cac anion khac [9].
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Hinh 3. Hiéu sudt hap phu CIP 25 ppm theo thoi
gian o cdac pH moi truong khac nhau trén mau
1,5CoMgH
Két qua hap phu thu duogc trén Hinh 3 cho
théy mau vat liéu 1 ,5CoMgH c6 kha nang
héap phu CIP 25 ppm tbt nhat 0 khoang pH
tir 8,0 — 10,0 va hiéu suat hap phu cyc dai
dat tai gia tri pH la 10,0 v6i hiéu suét hap
phu cao nhét khoang 76% sau 60 phut
khudy. Piéu nay c6 thé duogc giai thich 1a
tai pH 8,0 — 10,0 d@ xdy ra qua trinh trao

d6i anion cta anion CIP” véi ion C0%-

cua vat lidu. Két qua nay cling tuong tu
nhu trong céng bd cua nhoém tac gia
[4],[9]. Do ay, chung toi str dung gié tri
pH 10,0 dé khao séat anh huong cua céac
yéu td tiép theo: luong ion Co®* bién tinh,
thoi gian can bang hap phuy, nong do CIP.

3.2.2. Anh hwong ciia legng ion Q02+
bién tinh va xdc dinh thoi gian cin bang
hap phu

Két qua khao sat kha nang hap phu cua
cac mau Vat liéu hydrotalcite bién tinh
bang ion Co?" d6i v6i CIP 25 ppm tai pH
= 10,0 dugc chi ra trong Hinh 4 cho thay,
khi tang ti 16 mol Co®":AP** trong cac
mau tr 0:3; 1,0:3; 1,5:3; 2,0:3; 2,5:3;
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3,0:3, hiéu suét hap phu CIP 25 ppm tai
pH = 10,0 duoc sap xép theo thu tu sau:
3CoMgH < MgAIH=1,0CoMgH <
2,5CoMgH < 2,0CoMgH < 1,5CoMgH.
Tu cac két qua khao sat thu duoc, co thé
nhan th'c”iy mau vat liéu 1,5CoMgH c6 kha
nang hap phu CIP 25ppm cao nhat (H% ~
80% sau 60 phut tai pH = 10,0) va thoi
gian dat can bang hip phu cua céc vat liéu
duoc lya chon 1a 60 phut.

100

= MgH (a) = 1,0CoMgH (b) == 1,5CoMgH (c)
—— 2,0CoMgH (d) == 2,5COMgH (e) == 3,0CoMgH (f)
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Hinh 4. Hiéu suat hdp phu CIP 25 ppm theo thoi

gian trén cdc mau vt liéu tong hop tai pH = 10,0

3.2.3. Anh hwéng cia nong dp CIP dén
kha nang hdp phu cua vit liéu

Tién hanh khao sat hap phu CIP trén mau
vat liéu 1,5CoMgH tai pH = 10,0 vdi céc
ndéng do CIP tir 10, 20, 30, 40, 50, 60, 80,
100 ppm, két qua thu duoc sau 60 phut
khudy dugc thé hién trén Hinh 5a dudi
day. Khi tang nong d6 CIP tir 10 dén 100
ppm, hiéu suat hap phu CIP giam dan déu
tir 85,2% xubng 72,2%. Piéu nay hoan
toan phu hop voi quy luat hap phu vi khi
tang nong d6 CIP, trong khi khdi luong
vat liéu khong thay d6i nén s6 tam hip
phu khong thay doi, nhung kha ning canh
tranh hap phu cia CIP 1én vit liéu ting
khi tang nong do, dan toi lam giam kha
nang hap phu cua vt liéu. Hinh 5b 1a két
qua biéu dién sy phu thudc cua Cenlg vao
Cew theo mo hinh hip phu dang nhiét
Langmuir. D6 thi biéu dién nay hoan toan
phit hop véi quy luat hap phu don 16p cta
mo6 hinh Langmuir (vi R? = 0.9936), ddng
thoi cho phép xac dinh dugc dung luong



hap phu cuc dai d6i voi CIP cua vat lidu
1,5CoMgH tai pH = 10,0 1a 158,7 mg/g.
bay la dung lugng hép phu cuc dai kha
16n khi so sanh véi kha nang hip phu CIP
cua cac vat liéu trong tai liéu [2]. Két qua
nay hira hen kha ning ung dung cac mau
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vat lidu hydrotalcite bién tinh bang ion
Co?* dé hap phu cac loai khang sinh khac
nhau trong moi truong nudce thuc te.

3.3. Két qua khao sat kha ning hip
phu, phén hiy quang hoa CIP cia cac
vat liéu tong hop
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Hinh 5. Hiéu sudt hap phu CIP & cdc nong dé khdc nhau trén mau 1,5CoMgH tai pH = 10,0 (a) va do thi
phu thudc ciia Cylq vao Cy, theo mé hinh hap phu dang nhiét Langmuir (b)
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= MgAlH(a) = 1,0CoMgH(b) == 1,5CoMgH(c)
—— 2,0CoMgH(d) == 2,5CoMgH(e) == 3,0CoMgH(f)
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Hinh 6. Hiéu sudt xit Iy CIP 25 ppm theo thoi gian trén cac mdN’u vt liéu téngﬁop tai pH = 6,5(a), phé UV-
Vis cua CIP sau 60 phut hap phu va 180 phut chiéu sang trén mau 3,0CoMgH (b)

Két qua khao sat kha nang hap phy, phan
huy CIP cua ddy vat liéu tong hop duogc
thé hién & Hinh 6 du6i ddy cho thiy mau
vat ligu MgAIH chu yéu thé hién hoat tinh
hap phuy, hi¢u suat hap phu dat khoang

52% sau 60 phut khudy trong bong tdi de
dat can bang hap phy, trai lai hi¢u suit
phan huy quang hoa CIP 25 ppm trén mau
vat liéu nay khong dang ké (dat khoang
7% sau 180 phut chiéu sang). Két qua nay
dugc giai thich 1a kha ning hép phu tot
CIP 25 ppm cta vat liéu MgAIH va miu
vat liéu nay c6 Eq = 3,64 eV khong phu
hop véi anh sang kha kién. Nguoc lai, cac
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mau vat liéu hydrotalcite bién tinh bang
ion Co®* déu cho thdy c6 kha nang hip
phu va phén hiuy quang hoa CIP 25 ppm
duoi anh sang dén LED 30 W tot hon han
so v&i mau vat licu MgAlH. Hi¢u suét xu
ly CIP 25 ppm cia mau vat liéu
1,5CoMgH cao nhat c6 thé dat duoc
khoang 75% sau 240 phut xir 1y hip phu
va chiéu sang. Pic biét, mau vat liéu
3,0CoMgH dat hiéu suit phan hiy cao
nhit (=23% sau 180 phut chiéu sang) va
hiéu suat xtr 1y (gdm ca hap phu va quang
xuc tac) dat khoang 64,5% sau 240 phut.
Két qua nay hoan toan phu hop véi su



giam ning luong ving cim Ey cua cac
mau vat liéu bién tinh. Phoé UV-Vis cla
CIP trén Hinh 6b cho cuong d¢ dinh pic
cua CIP ¢ 271 nm giam manh sau 60 phut
khudy trong bong tdi, tiép tuc giam nhanh
trong khoang 120 phut chiéu sang va
cuong do dinh pic nay giam cham trong
khoang thoi gian tir sau 120 dén 180 phut
chiéu sang.

4. KET LUAN
Day vat liéu hydrotalcite

Mgoss7Al0,333(OH)2(COs)o,167.0,5H20 bién
tinh bang cac lugong khac nhau cua ion
Co?* (ti 1¢ mol Co*":AI** = (0 + 3,0):3,0)
d3d dugc téng hop thanh cong bang
phuong phap dong két tua. Cac mau vat
lidu tong hop déu co cau trac 16p phién
gidng v6i hydrotalcite nhung céu triic nay
bi suy giam khi ting luong ion Co?* bién
tinh. Dién tich bé mit riéng BET tang khi
ting ti 18 Co2+ AP tir (0 = 3,0):3,0, dong
thoi cac mau vat liéu bién tinh c6 bd hip
thy dich chuyén manh sang vung anh sang
kha kién, niang luong ving cdm giam
manh tur 3,64 eV xuong 1,99 eV khi ting
luong ion Co2+ trong cac rn?lu vat liéu tir 0
+ 3,0. Két qua nghién ctru kha ning hap
phu va phan hiy quang héa CIP cua cac
mau vat lidu tong hop hoan toan phu hop
v6i dic trung cdu tric vat lieu. Cac mau
vat lidu tong hop déu c6 kha nang hap phu
t6t CIP 25 ppm trong khoang pH tir 6,5
dén 10,0. Hiéu suat hap phu cuc dai c6
thé dat duoc gﬁn 80% trén mau
1,5CoMgH tai pH = 10,0 chi sau 60 phut
khudy. Dung luong hap phu cuc dai cia
mau vat liéu 1,5CoMgH d6i v6i CIP co
thé dat t6i 158,7 mg/g trong dicu kién
khdo sat. Cac mau vat liéu hydrotalcite
bién tinh bang ion Co%* cho hiéu suét hap
phu va phan hay quang héa CIP tét hon
hin so véi vat lidu MgAIH. Trong do,
mau 1,5CoMgH c6 hiéu suat xtr Iy CIP 25
ppm cao nhat dat khoang 75% sau 240
phut xir 1y. Mau 3,0CoMgH c6 khd ning
phan hiy CIP 25 ppm cao nhat véi hiéu
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sudt phan huy CIP dat khoang 23% sau
180 phut chiu sang.
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