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Synthesizing ZnMn;O, onto Commercial Microsilica (Caposil - CAP)
in the Presence of Tannic Acid (TA) for Enhancing
Photocatalytical Degradation of Methylene Blue (MB)
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Abstract: Spinel-based materials ZnMn,0O, (ZMO), ZMO/CAP, and ZMO/CAP@TA were
successfully synthesized using a simple technique. The obtained products were characterized by
XRD, IR, and SEM methods. The results indicated that the crystalline phase of all materials was
purely spinel, with ZMO/CAP and ZMO/CAP@TA exhibiting smaller and more uniform particle
sizes compared to ZMO. All synthesized materials demonstrated the ability to decolorize
Methylene blue (MB), among which ZMO/CAP@TA showed the highest degradation efficiency,
reaching over 90% after 300 minutes under typical conditions, including compact lamp
illumination, neutral pH, and room temperature. The material also exhibited good reusability,
maintaining a decolorization efficiency of 54% after five cycles. Furthermore, ZMO/CAP@TA
demonstrated the ability to degrade Ciprofloxacin with an efficiency of up to 85% after
300 minutes, indicating its potential as a catalyst for the degradation of both dyes and antibiotics in
agqueous environments.
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Tong hop vat lidu ZnMn,O4 trén khudn Microsilica
thuong mai (Caposil - CAP) véi su c6 mat cua Tannic acid (TA)
tang cuong kha nang xtc tac quang phan huy
Methylene blue (MB)
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Tém tit: Cac vat lidu trén co sé spinel ZnMn,Os (ZMO, ZMO/CAP va ZMO/CAP@TA)) da
duoc téng hop bang ki thuat don gian. Cac san pham duoc dic trung bang cac phuong phap XRD,
IR va SEM. Két qua cho thdy pha tinh thé cia cac vat liéu chi c6 spinel, ZMO/CAP va
ZMO/CAP@TA c6 kich thude nho va dong déu hon ZMO. Cac vat liéu tong hop duge déu ¢ kha
nang 1am mat mau MB, trong d6 ZMO/CAP@TA cho hiéu suét xir Iy Methylene blue (MB) tét
nhit, c6 thé dat t6i trén 90% sau 300 phut trong cac diéu kién thong thuong 13 anh sang dén
compact, pH dung dich trung tinh va nhiét dd phong. Vat lidu c6 kha nang tai st dung twong dbi
tbt, c6 thé 1am mat mau MB véi hiéu suit 54% sau 5 lan st dung. Vat liéu ZMO/CAP@TA ciing
¢6 kha nang phan huy Ciprofloxacin v6i hidu suat t6i 85% sau 300 phut, cho théy vat liéu co kha
nang xuc tac phan huy cac cht mau ciing nhu khang sinh trong méi truong nudc.

Tir khéa: ZnMn,04, quang xuc tac, phan hity Methylene blue, xtt 1y 6 nhiém nuér.

1. Mé dau

Vat liéu spinel da dugc nghién ciru nhiéu do
thanh phan va tmg dung rat phong phu, dic biét
1a kha ning hdp phu va xuc tic quang, Ung
dung trong xir Iy méi truong nudc [1]. Nhidu
vat liéu trén co s& ZnMn,O4 di duoc tong hop
bang cic phuong phap khac nhau [2]. Bing
cach thay doi thanh phan spinel hodc phén tan
spinel trong mot s6 oxide hodc mudi kim loai,
c6 thé thay doi tinh chat va kha ning tng dung
cua vat liéu. Vi du nhu ZnMn,O4/carbon téng
hop bang phuong phap dong két tia duoc tng
dung lam pin ion Zn [3]; ZnMn,O, téng hop
bang phuong phap dong két tiia va thuy nhiét
véi sy c6 mat cua maleic acid va phenyalanine
c6 kha nang xtc tic phan hiy methyl violet
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erythrosine, phan hity eriochrome black T nong
d6 10 ppm t6i 92% vai ham lugng xuc tac 2 g/L
trong thoi gian 90 phdt [4]; ZnMn,04 tong hop
bang phuong phéap sol-gel va nung khi c6 mit
tragacanth gum c6 kha nang phan hiy Congo
red voi hiéu sudt 96% sau 15 phit trong anh
sang kha kién khi sir dung 0,03 gam vat liéu
cho 50 mL dung dich Congo red 20 ppm [5];
ZnMn;04/Zn0O tong hop bang phuong phap
ddng két tiia c6 kha ning phan hity methylene
blue va Methyl orange, khi dugc chiéu bang
dén UV, dat hiéu suat 100% sau 60 phut [6],...
Céac nghién ciru cho thay vat lidu trén co so
spinel ZnMn;O4 c6 kha nang xtc tac quang
phan hiy nhiéu chit, ké ca chat khang sinh,
nhu Rifampicin va Co-trimoxazole [7],
4-nitrophenol [8], Orange Il [9], Fuchsin [10],
2,4-Dichloro-phenol peroxy-monosulfate [11],
Sulfamethoxazole [12], Cresyl blue [13],
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Ciprofloxacin [14], Methyl violet [15], Methyl
organe [16],...

Trong cong trinh nay, vat liéu spinel
ZnMn;0; duoc tong hop bang phuong phap
ddng két tua khi co su tham gia cua SiO; va
tannic acid. SiO, c6 vai tro phan tan spinel, lam
cho san pham c6 kich thudc nano va twong dbi
ddéng déu. Tannic acid trong vat liéu c6 kha
nang tao cac géc tw do khi dugc chiéu sang, do
vy lam ting dang ké kha ning quang xuc tac
cua vat liéu. Vat liéu téng hop dugc co
kha ning lam mat mau MB véi hiéu suat 75% -
95% va phan huy ciprofloxacin v6i hiéu suét
60% - 80% ma khong cin cung cp chit oxi hoa.

2. Thuc nghiém
2.1. Héa chdt

Zn(NO3)2-6H.0 (98%, Sigma Aldrich),
MnSO4-H20 (98%, Duchefa Biochemie), KOH
(> 85%, Sigma Aldrich), Caposil (99,8%,
Cabot), Tannic acid (95%, Acros), Methylene
blue trihydrate (98,5%, Xilong).

2.2. Téng hop vat liéu

Téng hop ZMO: hoa tan luong
Zn(N03)2-6H20 va MnSO4-H>O theo cac ti 1€
mol khac nhau trong nuéc. Thém luong dung
dich KOH vira du dé két tiia cac hydroxide kim
loai, khqu déu trong khodng 30 phut. Loc, lam
kho két tia & 70 °C, r6i nung & 800 °C trong 6 gio.

Tong hop ZMO/CAP: qui trinh tuong tu
tong hop ZMO nhung can thém lugng caposil
khac nhau (dé bd sung SiO;) vao dung dich
mubi trudce khi thém dung dich KOH.

Toéng hop ZMO/CAP@TA: phan tan vat
liéu ZMO hodac ZMO/CAP trong dung dich
tannic acid & cac nong do khac nhau, khuay hon
hop & nhiét d6 phong trong khoang 1 gio, rdi li
tam dé thu cht ran, 1am kho san pham 70 °C.

2.3. Phén tich dac diém vdt liéu

Thanh phan pha va ciu trac tinh thé cua cac
vat lidu duoc xac dinh bang phuong phéap nhidu
xa tia X trén hé thong D8 Advance v6i 6ng phat
tia X 40 kV-40 mA, CuKo 0,15406 nm,
26 = 10° - 70°, budc quét 0,03 do/gidy, tai Khoa

Hoéa hoc - Truong Pai hoc Khoa hoc Ty nhién,
Dai hoc Quéc gia Ha Noi.

Kinh hién vi dién tir quét (SEM) duoc st
dung dé nghién ctru hinh thai bé mit cua cac vt
lidu. Anh SEM duoc ghi trén thiét bi kinh hién
vi dién tir quét Nova NanoSEM 450 (FEI, Ha Lan)
tai Trung tam Khoa hoc vat li¢u - Khoa Vat li -
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc
Qudc gia Ha Noi.

Pho UV-Vis rin va xac dinh ning luong
ving cdm. Phé UV-Vis miu rin (DRS) duoc
ghi trong dai 200-800 nm. Dir liéu budc song A
(nm) dugc quy ddi sang ning lwong photon
hv=1240/\ (eV).

Ning lwong viing cAm Eg dwoc xac dinh
bang db thi Tauc:

(ahv)r ~ (hv —Eg), v6i n=2 cho chuyén doi
truc cho phép va n=1/2 cho gian tiép cho phép.

2.4. Thi nghiém quang xuc tdac

Kha ndng quang xuc tac cua vat li€u duoc
danh gid qua sy thay ddi cuong do hdp thu
quang cua dung dich methylene blue trudc va
sau khi xr Iy bang thiét bi quang phd hip thu
phan tir tir ngoai - kha kién V-630 (Jasco, Nhat Ban),
ngudn sang 13 dén deuterium va dén halogen,
detector diode quang silicon, budc séong do
250 - 800 nm, cuvette thach anh chiéu day 1 cm
tai BO mon Hoa vo6 co - Khoa Hoéa hoc - Truong
Pai hoc Khoa hoc Ty nhién - PHQGHN. Cach
tién hanh: cho 100 ppm mau vat liéu vao
250 mL dung dich MB 10 ppm c6 pH = 7, khi
chiéu nguén sang khac nhau, ¢ nhiét do xac
dinh, trong khodng thoi gian xac dinh. Xac dinh
ndéng d6 dung dich MB trudc va sau xir 1y.

Hiéu suit 1am mit mau MB dugc tinh theo
cong thure:

H%= ¢ = 100%
: C :

3. Két qua va thao luin
3.1. Dac trung vat liéu

Hinh 1 va Hinh 2 dua ra gidn d6 nhicu xa
tia X va pho hong ngoai cua cac mau vét liéu
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ZMO/CAP@TA, Hinh 3 1a anh SEM cua cac
mau vat liéu ZMO, ZMO/20CAP va
ZMO/20CAP@TA véi ham lugng CAP 20%,
nong d6 dung dich TA 0,1%.

Trén gian d6 XRD cia ZMO/CAP@TA
téng hop dugc c6 cac peak nhidu xa phu hop
voi dir liéu chuan JCPDS (No. 24-1133) cua
tinh thé t&r phwong ZnMn;O4 véi a = b = 5,722
A c=9236A a=p=y=290° Trén gian d6
khong xuét hién cac peak khac, chimg to pha
tinh thé cua vat liéu chi c6 ZnMn,O, dang
tor phuong.

Phd hong ngoai clia cac mau déu c6 cac dai
dao dong cua cac oxide kim loai & viing 500 cm™
- 600 cm™. Khac vé6i phd cua ZMO, trén phd
hong  ngoai cia  ZMO/20CAP  va
ZMO/20CAP@TA xuét hién cac dai dao dong
v6i cudng do tuong d6i manh ¢ ving 1000 cm™
- 1200 cm?, vang 1500 cm™ - 1700 cm™ va
vung 3000 cm™ - 3300 cm™ twong ng véi dao
ddng cua cac nhém C=0 va -OH trong cac hop
chit hiru co, ching t6 CAP va TA di tham gia
vao thanh phin cua vét liéu. Anh SEM (Hinh 3)
cho thiy vat lidu ZMO c6 kich thudc tuong doi
16m, khong déng déu, c6 hién tuong cac hat két
khéi v6i nhau. Hinh thai san phim thay ddi o
rét khi c6 su tham gia cua CAP, da ph?m cac hat
c¢6 dang khdi lap phuong, kich thudc dong déu
hon va nho hon (khoang 30 - 60 nm). Hinh
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thai bé mat cua vat litu ZMO/20CAP@TA
giong voi vat lisu ZMO/20CAP. Co thé SiO
(tir CAP) ton tai & dang vo dinh hinh trong vat
liéu, 1am nén dé phan tan ZnMn,Q,, tranh dugc
hién tuong két tu, tao ra cac hat san phém cod
kich thudc nho va dong déu.

Phé UV-Vis (DRS) cho thiy vét liéu hap
thu manh tir ving tr ngoai m¢ rdng sang kha
kién (Hinh 4a). Mép hip thu quan sat duge nam
¢ vung bude song dai, goi y mot ving cAm hep
trong mién kha kién gan hong ngoai. Phan tich
Tauc (n=2) (Hinh 4b) biéu hién mot ving tuyen
tinh rd rang ngay trudc mép; phép ngoai suy
tuyén tinh dén Y=0 cho Eg=1,74 eV véi R? =
0,998. Thir nghiém v&i md hinh gian tiép cho
phép (n=1/2) khéng thu duoc giao diém duong
tin cdy, do dé co ché truc cho phép duoc xem la
md ta phit hop hon cho chuyén doi dién tir ciia
hé vat liéu nay.

Gia tri Eg ~1,74 ¢V giai thich tryc tiép kha
nang kich hoat dudi anh sang kha kién, phu hop
véi hiéu nang quang xuc tac da ghi nhan dudi
ngudn sang phd rong (dén compact/anh sing
moé phong mit troi) & didu kién pH trung tinh
va nhiét do phong. Sy phu hop gilra déc trung
quang hoc va hi¢u suat phan huy chét 6 nh1em
cung cb vai trd ctia ciu triic dlen tr vung cAm hep
trong viéc tao cdp dién ti- 16 trong hiéu qua va han
ché tai két hop trong qua trinh chiéu sang.

Intensity

JCPDS: 24-1133
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Hinh 1. Gian dd XRD cua: vit liéu tong hop dugc ZMO (a), ZMO/20CAP (b), ZMO/20CAP@TA (c);
vat liéu thu hdi sau xir Iy ZMO/20CAP (d), ZMO/20CAP@TA (e).
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Hinh 2. Pho hong ngoai cta: vat liéu tong hop duge ZMO (a), ZMO/20CAP (b), ZMO/20CAP@TA (c);
vat liéu thu hdi sau xir Iy ZMO (d), ZMO/20CAP (e), ZMO/20CAP@TA (f).

(a) ZMO

Hinh 3. Anh SEM ciia ZMO (a), ZMO/20CAP (b) va ZMO/20CAP@TA (c, d).
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_ Hinh 4. (a) Phd UV-Vis miu ran (DRS) cua vt liu trong dai 200-800 nm;
(b) O thi Tauc (n=2, tryc cho phép) vdi dir liéu diém (do) va duong hoi quy tuyen tinh (xanh).
Duong nét dut danh dau giao diém ngoai suy tai Eg = 1,74 eV (R? = 0,998).

3.2. Kha nang xur Iy Methylene blue TA 0,03%, ham luong CAP 10% khi chiéu sang
Kha nang lam mat mau MB cua cic mau bang deén compact ¢ nhiét do phong sau 5 gio
vat liéu voi ti 1€ mol Zn:Mn = 1:2, dung dich duoc dua ra ¢ Hinh 5. K&t qua cho thay sau 300
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phat, cuong d6 cua dai hap thu dic trung cia
MB rit yéu (Hinh 5b), nghia 1a néng d6 MB
trong dung dich rat thap. Mic di CAP khdng
lam thay ddi ciu trac tinh thé cia ZMO, nhung
lam giam kich thudc, thay d6i hinh dang hat vat
liéu nén 1am ting dién tich bé mit cta vat lidu
nén lam ting kha ning mit mau MB cia vat
liéu. TA hau nhu khéng anh huéng dén hinh

g

3

Higu sudt mat mau (%)
o =3 E

m il _
O < £ 4% Vel A S
P S S
oY W& K 4
& O F 3
& L0
> S
A

(a)

thai bé mdt cua vat liéu (Hinh 2), nhung lam
ting dang ké kha ning lam mit mau MB
(Hinh 5a). Piéu nay c6 thé dugc giai thich 1a
TA véi ciu tric phuc tap da tao ra cac goc tu
do, 1am tang kha nang xuc tac cua vat li¢u. Vat
lieu ZMO/CAP@TA c6 kha ning lam mat mau
MB t6t hon céc vat liéu khac va vuot troi so véi
ting thanh phan riéng 1é cta vat lidu.

18 i 0 phit
A 5 phiit
find 10 phut
15 phit
30 phat

120 phut
180 phut
240 phiit
300 phut

200 300 400 500 600
Budc song (nm)

(b)

Hinh 5. Kha ning xtr Iy Methylene blue ciia cac vat liéu (a) va phé UV-Vis dung dich methylene blue
sau cac khoang thoi gian khac nhau véi su c6 mat cua vat liu ZMO/10CAP@TA.

Dé tim kiém vat lidu c6 kha ning quang xuc
tac tot nhit, cac thi nghiém nghién ctru kha
ning mat mau MB cua cac vat liéu véi thanh
phﬁn khac nhau da duoc thuc hién.

Két qua & cac Hinh 6 va Hinh 7 cho thay, ti
16 mol cua cac thanh phan ban dau co anh
hudng twong d6i 16n dén hiéu suat lam mat mau
MB cua vat liéu. Ti 1€ mol Zn:Mn = 1:2 va ham
lwong CAP trong hdn hop ban dau bang 20%
cho hi¢u suat mat mau MB 16n nhat. Vi thanh
phan nay, ZMO c¢é cau trac va thanh phan Ii
tuong cua spinel. Su c6 mdt cia CAP nham
cung cap SiOz & dang v6 dinh hinh, 1am nén dé
phan tan ZMO. Ban thian CAP lam méit mau
MB rat kém (Hinh 5). Do vay, khi ham luong
CAP qué cao s€ lam giam ham lugng ZMO va
TA trong vét li¢u, kéo theo giam hiéu sut mat
mau MB.

Hinh 8 cho thay, hiéu suat mit mau MB t6t
nhit va hau nhu khong d6i khi ndng do dung
dich TA khi téng hop vat liéu 1a 0,1% - 0,5%.

Trong khi d6, dung dich TA nguyén chét hau
nhu khong c¢6 kha ndng lam mat mau MB
(Hinh 5).

= ZMO = ZMO@TA
60

S
o

Hiéu suat mét mau (%)
N

1:1 1:2 1:3
Tilé Zn:Mn
Hinh 6. Kha nang xt 1y MB cua vat liéu ZMO@TA
¢o ti 1€ mol Zn:Mn khac nhau.

Tuy nhién, su két hop TA véi ZMO lam
tang manh kha nang lam mat mau MB cua vat
liu. Co6 the acid yéu TA chtra nhiéu vong thom,
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khi dugc phéan tan vao ZMO s€ tuong tac voi
céc oxide trong spinel tao ra cac goc ti do 1am
tang kha nang mat mau MB cua vat liéu. Mat
d6 gbc tu do tang theo ndng d6 TA. Tuy nhién,
khi ndng d6 TA 16n qua, cic gbc tu do sinh ra
s& tu két hop voi nhau, do vay néng do géc tur
do chi ting dén mot giéi han nao do.

V6i két qua nhan duoc & trén, vat liéu
ZMO/20CAP@TA véi 20% caposil va ndng do
TA 0,1% dugc chon dé thyc hién cac nghién
ctru tiép theo dé tim diéu kién tdi vu xtr Iy MB.

= ZMO/CAP = ZMO/CAP@TA

Hiéu suét mat mau (%)

0% 5% 10% 20% 30% 40% 50%
Tilé CAP

Hinh 7. Kha nang xtr Iy MB cta vt liéu
ZMO/CAP@TA véi ham lugng caposil khac nhau.

100 = ZMO@TA = ZMO/20CAP@TA

-~
(&)
I}

t mat mau (%)

o
o

&u sui
n
(4]

Hi

0 0,03 0,1 0,3 0,5
Ti I tannic (%)

Hinh 8. Kha nang xur Iy MB
cua vat liéu ZMO/20CAP@TA khi nong d
dung dich TA khac nhau.

Hinh 9 cho thdy, trong diéu kién chiéu dén
compact, hiéu suét 1am mat mau 250 mL dung
dich MB 10 ppm ciia ZMO/20CAP@TA c6 thé
dat t6i trén 90% khi lugng vat liéu 1a 200 mg.

100 = ZMO@TA = ZMO/20CAP@TA

375

Hiéu suét mat mau (%

100 200 500 1000 2000
Ham lweng xdc tac (ppm)

Hinh 9. Anh huéng cta ham luong xuc tac dén kha
nang xu ly MB cua vat ZMO/20CAP@TA.

Sy thay d6i ngudn sang (Hinh 10) khong
lam thay d6i nhidu hiéu suat mit mau MB. Cac
ngudn sang tir dén compact, UVC, UVA va IR
déu cho hiéu suét cao. Trong diéu kién khong
chiéu sang (bong tbi), sy mit mau MB chii yéu
do qua trinh hdp phy, hiéu suit mit mau MB
thap (10% ddi v6i vat lieu ZMO/20CAP@TA).

100 = ZMO@TA m ZMO/20CAP@TA

89

-~
w

Hiéu suét mat mau (%)
¥ g

UVA IR

Béng tdi Compact UVC

Hinh 10. Anh huéng ctia ngudn sang dén kha ning
xur ly MB cia ZMO/20CAP@TA.
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Két qua nay cho théy, khi chiéu sang, su
mat mau MB chi yéu nhd qua trinh Xl tac
quang cua vat liéu. Co thé gia thiét rang, vai
ciu trac phuc tap gdm cac vong thom, cic
nhom -OH va =0, TA tuong tic vdi cac oxide
trong vat liu, tao ra cac géc tr do khac nhau
khi dugc chiu sang, quyét dinh kha ning xtc
tac quang cuia vat liéu. Mot uu diém cua vat lidu
ZMO/CAP@TA la c6é kha nang xtc tac quang
t6t khi duoc chiéu sang bang ca ngudn hong
ngoai lan cyc tim. Hiéu sudt mit mau MB cao
nhat khi chiéu sang bang dén compact do dén
compact cung cap nguon sang voi phé rong.

Sy thay dbi pH cua dung dich khéng anh
hudng nhiéu dén kha ning lam mat MB cua vat
liéu (Hinh 11), ¢6 thé do TA c6 tinh acid yéu
dugc phan tan trén nén vat liéu gém cac oxide
c0 tinh base va ludng tinh. Trong ca moi truong
acid va base, chung tao thanh cac hé dém, do
vy pH trén bé mit vat lidu it bi thay dbi, it anh
huéng dén kha ning lam méit mau MB cua vat
liéu. Kha nang xuc tac tdt cua vat liéu trong ca
vung acid, base va dac biét la trung tinh la mot
wu thé rat dang ké cua vat lidu trong phat trién
ung dung thuc té. Nhu vay, khi str dung vat liéu
lam xuc tic mit mau MB khong can chinh pH
cua dung dich. Cac nghién ctru dugc thuc hién
opH=7.

100 = ZMO@TA = ZMO/20CAP@TA

~
o

Hiéu suat mét mau (%)
n w
o (=]

pH=3 pH=5 pH=7 pH=9 pH=11

Hinh 11. Anh huéng cia pH dung dich dén
kha nang xu ly MB cia ZMO/CAP@TA
khi chiéu bang dén compact.
Két qua nghién ciru anh huong cua nhiét do
dén kha nang lam mat mau MB cua vat liéu

(Hinh 12) cho thay, hiéu suit mat mau
MB khéng thay d6i 16n trong khoang nhiét do
5 °C -90 °C. Piém dang luu ¥ 1a xir Iy MB ¢
nhiét d6 phong cho hiéu suit cao nhat khi thoi
gian xir ly trén 150 phit. O nhiét do thip, hi¢u
sudt xir Iy MB ¢6 sy dong gop cua ca qua trinh
hdp phu va qua trinh xtc tic quang voi toc do
phéan Gng cham. O nhiét d6 cao, sy mit mau cia
MB do qua trinh phan huy cia MB dudi tac
dung xuc tic quang cua vat li¢u, khong co su
dong gop cia qua trinh hdp phu nén hiéu suét
mat mau MB & nhiét 6 60 °C va 90 °C thap hon
cac nhi¢t do khac khi kéo dai thoi gian xu 1y.

100 «59C 415°C 259 +60°C «90°C

o ~
= @

Hiéu suét mat mau (%)

nN
o

100 200
Thii gian (phat)

Hinh 12. Anh huéng ciia nhiét 6 dén kha ning xir
1y MB cta ZMO/20CAP@TA.

3.3. Kha nang tdi sur dung vat liéu

Hinh 13  cho thidy, vat liéu
ZMO/20CAP@TA c6 kha nang tai st dung
tuong d6i tét. Hiéu sudt mat mau MB giam
nhiéu nhit sau lan dau tai s dung (91% xudng
76%), tuy nhién, nhiing lan tai sir dung sau hi¢u
sudt giam khong nhiéu.

Gian d6 XRD (Hinh 1) va ph6 hong ngoai
(Hinh 2) caa vat liéu duoc thu hoi sau sir dung
cho thdy ciu trtic pha tinh thé va dao dong cua
cac nhém chirc cia vat liéu hau nhu khong thay
d6i sau sir dung. Piéu nay minh chimg vat liéu
d3 tham gia vao qué trinh mat mau MB véi vai
tro 1a xdc tac. CO mot diém khac biét 1a trén
phd hong ngoai cta vat lidu thu hoi sau sir
dung, dai & vung trén 3300 cm™ c¢6 cuong do
tuong ddi so véi cac dai dao dong khac ting.
biéu nay co thé duoc giai thich do vat li¢u sau
xtt Iy chua dugc 1am kho triét dé.
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Fresh 1st 2nd
Hinh 13. Hiéu suat xir Iy MB
cta vat ligu tai sir dung.

Higu suét mat mau (%)
g El

»
2]

Piéu kién phan tng: 200 ppm vat liéu, ti 1€
Zn:Mn = 1:2, tannic 0,1%, CAP 20%, trong 250
mL dung dich MB 10 ppm, pH = 7, dén
compact, 25 °C 5 gio.

Anh SEM (Hinh 3 va Hinh 14) cho thiy bé
mat vat liéu sau str dung co su két khoi tung
ving, khac véi vat liéu ban dau. C6 thé do la
nguyén nhan lam giam hiéu sudt xa Iy MB cua
vat ligu tai st dung.
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3.4. Tham do kha nang Xu li khang sinh trong
moi truong nuoc cia ZMO

Ngoai cac chidt mau nhu MB, cac chit
khang sinh 1a d6i twong rat dang lo ngai trong 6
nhiém moi truong nudc. Trén co sé kha ning
lam méAt mau MB, chang t6i di thim do kha
ning xir 1y chit khang sinh Ciprofloxacin ciia
vat litu ZMO/20CAP@TA. Cac diéu kién
nghién ctru xir Iy ciprofloxacin 1a diéu kién tbi
vu tim duoc trong xtr Iy MB, cu thé: 250 mL
dung dich ciprofloxacin 10 ppm, 200 ppm vat
litu, pH = 7, chiéu dén compact tai nhiét
d6 phong.

Hinh 15 (a va b) cho thdy vat liéu
ZMO@TA va ZMO/20CAP @TA déu c6 kha
nang xu ly Ciprofloxacin trong dung dich véi
hiéu suit twong ung dat 60% va 85% sau 300
phiit. Két qua nidy mo ra trién vong tmg dung
vat litcu ZMO rong rdi trong xu ly moi
trudong nudc.

—— ophit
15 phit
30 phit
60 phit
120 phit
180 phit
240 phit

300 phit

D6 hip thy

Higu sudt xir i (%)

o = ZMO@TA » ZMO/20CAP@TA
100

&

8

&

e
o

100 200 300
Theni gian (phut)

(b)

Hinh 15. Phé UV-Vis va hiéu suét xi Iy ciprofloxacin cua vat liéu ZMO.

=--..,_____-_
(a)

4. Két luan

vat  lieu ZMO, ZMO/CAP va

ZMO/CAP@TA da dugc tong hop twong ddi
don gian. Su c6 mat cia CAP gitp phén tan

ZMO d?)ng déu, san phérn thu duoc co kich
thuéc nho va déng déu. Phan tich UV—Vis ran
va d0 thi Tauc da xac dinh Eg=1,74 eV cho vat
lidu, khang dinh kha nang hip thu va kich hoat
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dudi anh sang kha kién. Cac vat liéu tong hop
dugce déu c6 kha ning 1am mat mau MB, tuy
nhién, khi c6 mat dong thoi CAP va TA, hiéu
sudt xtr Iy MB ting rat nhiéu, co thé dat toi trén
90% sau 300 phut trong cac diéu kién thong
thuong 1a anh sang dén compact, pH dung dich
trung tinh va nhiét d6 phong. Vit liéu c6 kha
ning tai sir dung tuong dbi t6t, co thé 1am mat
mau MB vé6i hiéu suit 54% sau 5 1an st dung.
Vat litu ZMO/CAP@TA ciing c6 kha nang
phan huy Ciprofloxacin v6i hiéu suat t6i 85%
sau 300 phut, cho thiy vét liéu c6 kha ning xuc
tac phan hily cac chat mau ciing nhu khang sinh
trong moi truong nudc.
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