VNU Journal of Science: Earth and Environmental Sciences, Vol. 40, No. 1S (2024) 59-65

s

VNU Joumal of Science: Earth and Environmental Sciences

Journal homepage: hitps:/js.vmredu.vivEES

Original Article

Antibacterial and Antifungal Characteristics
of Hydroxyl Apatite Composite Material Coated
on Nitrogen-doped TiO, (HA/N-TiO,)

Nguyen Thi Hue!, Nguyen Thi Ha Giang*, Nguyen Hoang Nam?,
Ho Thanh Sang?®, Mai Viet Ha*, Nguyen Thi Ha*"

YInstitute of Science and Technology for Energy & Environment,
Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam
2Faculty of Environment, Hanoi University of Mining and Geology,
18 Vien Street, Bac Tu Liem, Hanoi, Vietnam
®Hanoi University of Natural Resource and Environment, 41A Phu Dien, Bac Tu Liem, Hanoi, Vietnam
“Faculty of Environmental Sciences, VNU University of Science,
334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Received 30 July 2024
Revised 28 August 2024; Accepted 23 October 2024

Abstract: Photocatalytic technology using nano-material HA/TiO, has been widely applied
worldwide to treat pollutants, kill airborne gram-negative and gram-positive bacteria, and candida
fungi, especially indoor air. In this study, HA/N-TiO, material was synthesized with oxidation-
reduction absorption properties and photocatalytic ability in the visible-light irradiation that helps
reduce costs compared to using ultraviolet light (UV). The structure and morphology of the material
were evaluated using XRD, SEM methods, showing HA/N-TiO; has a spherical crystal structure,
sharp, and uniform with particle sizes ranging from 10 to 30 nm. To assessment of the antibacterial
and antifungal efficiency of the material, we inoculated the culture of microorganisms on 10x10 cm
tiles coated with HA/N-TiO; solution with the coating thickness of 0.3 um. This coating thickness
resulted in optimal antibacterial efficacy. With continuous fluorescent light 20 W exposure for 1-9
hours, up to 96-100% of inoculated bacteria were eliminated. In real-scale experiments on the wall
surfaces, the quantity of bacteria and mold decreased by 20% after 30 days when treated with HA/N-
TiO2 solution compared to the control sample. HA/N-TiO2 material has the potential to treat bacteria
and fungi on a practical scale if there is further cost-benefit analysis extensive research.
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cua vat licu t6 hop Hydroxyl Apatite
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Tém tit: Cong nghé xuc tic quang sir dung vt liéu nano TiO; da va dang duoc ing dung rong rai
trén thé gidi dé xir Iy cac chat 6 nhidm, diét khuan gram dm, gram dwong, va nim canida trong
khong khi, dic biét 1a khong khi trong nha. Trong nghién ctru nay, vat liéu to hop Hydroxyl Apatite
(HA) phii trén TiO; pha tap nito (HA/N-TiO2) da duoc ché tao. Vat liéu c6 tinh hap phu, oxi héa
khir va ¢ kha ning xiic tic quang trong ving anh sang kha kién, gitp giam chi phi so véi sir dung
anh sang ving tir ngoai (UV). Déanh gi cu trac va hinh thai vat liéu bang phuong phap XRD, va
SEM cho thay, HA/N-TiO,c6 cau tric tinh thé dang cau rd nét, ddng déu, kich thudc trong khoang
10-20 nm. Panh gia kha ning diét vi khuan va vi nAm trén gach vién kich thuéc 10x10 cm phu dung
dich HA/N-TiO; v6i d6 day 16p pht 0,3 um cho hiéu qua xur 1y kha rd rét. Dudi anh sang huynh
quang 20W chiéu lién tuc trong 1-9 gid, hiéu qua diét vi khuan dat 96-100%. O quy mé thuc té da
thir nghiém thanh cong trén bé mit tuong, ) luong vi khuan, ndm mdc khi ¢o dung dich HA/N-
TiO, so voi miu dbi ching giam khoang 20% sau 30 ngay. Vit liéu HA/N-TiO2 ¢6 trién vong xir Iy
vi khuan, vi ndm & quy mé thuc té néu co thém cac nghién ciru mé rong danh gia chi phi hiéu qua.

Tir khéa: vi khuan va ndm, hydroxyl apatite, TiO, pha tap nito, 6 nhiém khong khi.

1. Mé dau

Céc vi khuén va nim méc phat tan tir cac
hoat dong san xudt, sinh hoat, khu luu chira, xt
1y chét thai, ddc biét tir bénh vién gdy 6 nhiém
khong khi trong nha va xung quanh la tac nhan
gdy bénh, anh huong dén strc khoe. Trong moi

" Téc gia lién hé.
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truong khong khi, mot s6 vi sinh vat thuong gap
nhu cac vi khudn Gram (+), Gram (-), truc
khudn, ndm méc,... xuit hién & nhitng khu vuc
am thap, thiéu anh sang, khong thoang khi tao
diéu kién phat trién va 1a tac nhan giy bénh.
Céch tiép can xanh trong xur 1y khong khi noi
chung va diét khuan trong khong khi néi riéng
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dugc nhiéu tac gia quan tim. Nghién ctru cua
Hidayat va cong su [1] cho thay b6 loc khong khi
chira AgNPs-[chi-SiG] c¢6 hiéu qua khang khuan
cao dbi véi B. subtilis trong khong khi. Mang
quang nhiét sir dung dng nano cacbon ciing cho
hiéu qua loai PMys va vi khuan trong khong khi
[2]. Dé gop phan dam bao chit luong khong khi
va sirc khoe cong dong, nghién ctru nay di dua
ra cac bién phap khtr trung, diét khuén, ndm moc
trong moi truong khong khi trong nha, dac biét
cho céc phong can tiét tring & co s y té.

2. Pia diém, pham vi va phwong phap
nghién ciru

2.1. Pia diém va pham vi nghién ciru

Vit liéu nanocomposite HA/N-TiO, duoc
ché tao & qui md phong thi nghiém va thuc té,
duge sir dung dé nghién ciru kha ning diét khuan
Gram (-) va Gram (+) trong khong khi.

2.2. Phwong phap nghién ciru

2.2.1. Phuong phdp ché tao vit liéu

Téng hop bot nano TiO, pha tap nito (N-
TiO;) va bdt nano composite HA/N-TiOz: Quy

‘, .
‘ 10 g Ty + 500mlL KOH 10M
Sidu am 30 phot
f

i Fhuy nhids 180 “C, 14 gl

Rum bdng nuac ciat i/

| Ngiam rong HCEHOEM, | gior
Rua lpi bang nudc cit l,

Thu duoe THO; wdn

y

Shy khéd 105 °C, 4 giir
ha durgre 110 Khd

l

10 g T10; khd + 0.25-5 g uré
Nghién kho | gio

l

Bot TiO: va uré
Nung 400°C, 2 gidr

\L 2p

C Bt N-TIO )

@ T

trinh ché tao vét liéu N-TiOz va bot nano
composite HA/N-TiO; dwgc dua ra ¢ Hinh 1 [3].
Dung dich phitc gbc dugc chudn bi tir
MgCl2.6H:0 va CaCl..2H.0 NaCl; KClI;
KH2PO4; NazHPO4.12H.0; NaHCO3 va nudc
c4t 2 1an voi thanh phan nhu ¢ Bang 1. Dung dich
phi bé mit HA/N-TiO, dugc hinh thanh khi
thém nudc cat, cht phu gia vdi ti 1€ keo acrylic
va chat trg ling PVC tuong tmg 5 va 1%/L.
Dung dich dang huyén phu khong bi sa ling
theo thoi gian va dugc bao quan ¢ nhiét do phong.
2.2.2. Danh gid dé bam dinh, do bén ciia
vat liéu
Két qua danh gia do bam dinh, do bén cua
dung dich HA/N-TiO; trén nén xi ming theo tiéu
chuan Viét Nam dat diém 1 theo Tiéu chuén
Qudc gia vé Son. Phuong phap cit xac dinh do
bam dinh ctia mang theo thang tir 1 dén 5 [4].
Dbé danh gia muc d¢ chiu nuéc mua, sir dung
gach men dugc phu (d6 day phu ~ 0,3 um) mot
ntra phi dung dich HA/N-TiO; va ntra phu son
16t théng dung. Sau khi dé kho gach & ngoai troi
trong 1 ngay, diéu chinh pH = 5 - 7 bang dung
dich dém acetat. Két qua cho thdy phin c6 miu
phii dung dich HA/N-TiO; van giit mau tring
séng va nira phan con lai bi sAm mau va c6 réu
bam dinh.

5 g N-TiO; + 1 lit dung dich goc |

Siéu im |5 phin \L Khudy tir, gia nhi¢t 37 °C
; 1
‘ Hon hop 1 ‘

|
Ngim 37 °C. | —24 gio \L
-

Hon hop 2

Loc l Rira biing mnie cdt

HAN-TIO; uin

Sdy 60 °C, 24 i Nghen

Vit ligu nanocomposit HAN-TIO: ‘

(b)

Hinh 1. Quy trinh ché tao nano TiO, pha tap nito (a) va bot nano composite HA/N-TiO (b).
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2.2.3. Panh gid hiéu qua diét khudn, ndm

Hon hop ching vi khuan sir dung gém 2
ching vi khuan Gram (+) gém B. cereus, va S.
areus va 2 chung vi khuan Gram (-) la B.
cepacia, va E. Coli.

Qué trinh nudi ciy cac ching vi khuan tir
dich pha trong méi truong hiéu khi tong s6
(HKTS) trén méy lic. Dich nudi ciy duoc lay
mau, pha loang, lam tiéu ban nhuém mau. Quan
sat dudi kinh hién vi, sir dung phuong phap dinh
luong tryc tiép bang budng dém té bao (Hinh 2).

Hinh 2. Thi nghiém diét khuén trén gach vién.

Chon 3 vi tri 1y mau khong khi trong phong
kin, tién hanh dé x4c dinh mt d¢ vi sinh theo
TCVN 8129:2009. Tai bé mit tudng, tién hanh
1dy mau bang que ciy tim bong udt vo tring, lay
tr 3 dén 5 vi tri trén bé mat, dién tich diém léy
mAiu 2 x 2 cm. Ngay sau khi 1ay, miu duoc hoa
vao 10 mL dung dich SPW, lay 50 uL dung dich
nay dua vao cac dia petri chira méi truong HKTS
& cac nong do pha loang 1071,10°, 10*. Sau 2
dén 5 ngay t & nhiét 46 phong, mau duoc ldy dé
dém sb khuan lac.

Bang 1. Thanh phan ion trong dung dich gdc

lon |Na*|K*| Mg?* |Ca®**| CI" | HPO4? |[HCO3

Nongdd |1 ol5 0l 15 | 25 |103| 10 | 27
(mmol/L)

2.2.4. Phirong phdp phan tich va xir 1y sé liéu

i) Phuong phap nudi ciy vi sinh vat:
Mau vi sinh duoc ce”iy 1én dia thach va d&ém
s6 khuédn lac trén may. Két qua sb té bao, A
(CFU/mL) theo cong thuc:
N

A= @)

Ny XVXF4n, XVXF+ .+ Ny X VX Fy

Trong d6: N: tong sb }(huén lac dé;m duogc
trén cac dia da chon; V: thé tich dich mau (mL),

thuong lay 1 mL mdi dia;
tuong ung. )
K&t qua tinh theo so CFU/m? theo cong thire:

F,: d0 pha loang

S6 lwgng khuin lac x Hé s6 pha loiang

CFU/m? = 2

Thé tich mau cdy (m?2)

Bang 3. Két qua xéac dinh mét d§ cua mot s6 ching
vi khuan trong dich nubi cay

Chun;g V! | s.areus B.cepacia | E.coli | B.cereus
khuan
Két qua 3 7 7 6
(CFU/mL) 10 10 10 10
ii) Phuong phap nhuom Gram:

Dya trén kha ning bit mau cua té bao
chat va mang té bao v&i thudc nhudm tim két
tinh va i6t ma hinh thanh hai loai phirc chat
khac nhau:

- Gitr nguyén mau cua thudc nhuém nén
khong bi rira troi khi xtr Iy bang con. Vi sinh vat
¢6 phirc chat nay thudc loai Gram (+).

- Khéng con giit dwoc mau cta thuée nhuém
nén mat mau khi xir 1y bang con va bit mau cua
thudc nhudm bd sung. Vi sinh vat c6 phuc chat
nay thudc loai Gram (-).

3. Két qua va thio luin

3.1. Két qua ché tao va danh gid ddc tinh
HA/N-TiO,

Vat liéu HA/N-TiO, da duoc ché tao theo
sang ché GPHI s6 2319 [3] va danh gia dic tinh
vat liéu theo SEM, va XRD. Két qua cho théy vat
lidu HA/N-TiO; c6 kich ¢& hat kha dong déu,
trong khoang 10-30 nm (Hinh 3). Ngoai ra, kich
thude va khoang khong gian giilta cac hat HA/N-
TiO; thay d6i theo chiéu ting nong do Ca® va
PO.*. Phd XRD (Hinh 4a) cho thiy cuong do
nhidu xa ciia HA ting dang ké tir mau 1-6 va
khong ting & mau 12-24 gio. Thanh phan HA két
lang trén bé mat TiO; va hinh thanh cu tric tinh
thé 6n dinh sau 3-6 gid. Két qua nay ciing phu
hop véi nghién ciru ciia Nguyén Thi Hué (2013)
[5]. Sau 6 gio, HA két lang kém hon do lugng
16n HA hinh thanh da 1am giam lugng OH ™ trong
dung dich. Ngoai ra, HA luén ¢6 xu hudng quay
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lai dung dich tao can béng, din dén su bién ddi
dién tich bé mit TiO; va lam cho mot so lién két
gitta HA va TiO, mdéi hinh thanh dé bi pha v&.

Ph6 FTIR (Hinh 4b) xuét hién cac pic dac trung
& mau HA/TiO.

(b) . ' — V . .‘

Hinh 4. (a) Pho XRD ciia cic mau HA/N-TiO, sau khi ngam bot N- TiO; trong dung dich gbctail, 3, 6,12
va 24 gio va (b) Pho FTIR cua mau HA/TiO,.

3.2. Két qua diét vi khudn, ndm cia dung dich
HA/N-TiO: ¢ quy mé phong thi nghiém

Hoat tinh diét khuan cua gach men phu vat
lidu nano theo thoi gian chiéu sang duge danh
gia bang phuong phap cay vi sinh vét 1én bé mat
gach thuc hién trong h¢ kin. V&i cuong d6 chiéu
sang lién tuc trong 1-9 gid, khoang cach chiéu
sang 30 cm bang dén huynh quang (cong sut
20 W) v6i hai mau gach 10x10 cm, hiéu qua tiéu
diét vi khuan trén gach phu vat li€u nano dat 96
-100%. Két qua nay ciing pht hop véi nghién
ctru cua Feng va cong su [6], trong d6 hoat tinh
khang khuén duoc cai thién khi chiéu xa UV- véi
soi mang nano PLA/TiO; ham lugng 0,75% theo
trong lugng TiO2 A, kich thude 4,86 + 0,50 mm
c6 thé trc ché E. coli. Két qua thir nghiém & qui

md phong thi nghiém va qui mo thyc té, vat liéu
HA/N-TiO; da thé hién hoat tinh khang khuan
trong diéu kién anh sang huynh quang va khong
¢6 anh sang (Bang 4 va 5).

Béng 4. Thir nghiém kha ning diét khuan qui mé
phong thi nghiém (v6i hon hgp 4 ching vi khuan)

Thoigian |~ Tong so Téng vi sinh vat con
tlep'XUC vi sinh vat lai (%)
(9io) (CFU/mL) :

0 9,45x10° 100

1 5,07 x10° 53,6

3 2,58 x10° 27,3

6 0,38 x10° 4,0

0 (vi sinh vt bi tiéu
9 KPH diét hoan toan)
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O qui mo thuc té, sb lugng vi khuin, niAm
mdc khi str dung dung dich HA/N-TiO; so véi
mAu dbi ching giam khoang 20% sau 30 ngay.
So sanh hiéu qua diét khuan voi dung dich dang
son ctia Nhat Ban (chira 5-10% TiOy) (Hinh 5)
cho thidy mirc giam dang ké sau 15 ngay, dat
khoang 80-95%. Tuy nhién, sau 30 ngay, ca vi
khuan Gram (-) va (+) déu c6 chiéu hudng ting
lén. Pidu nay co thé do bi tai nhiém tir moi
truong. Hiéu qua niy chua cao c6 thé do ti 16 vat
liéu st dung thép. Theo mét s6 nghién ctu trudc,
kha nang diét khuan phu thudc vao ti 1& thanh
phan pha tap [7-9]. Vit liéu nanocomposite
AgITiO; (0,04-0,05% Ag) c6 thé tiéu diét hoan
toan S.aureus ATCC 25923 [10]. Ciorita va cong
su [11] da sir dung nano bac Gr-Ag dé cai tién
bo loc HEPA (High-Efficiency Particulate Air)

va cho thy kha ning trc ché S. aureus va E. coli
cao hon dang ké khi str dung ham luong Ag cao
dén 5%. Co ché diét khuan chua dugc danh gia
trong nghién ctru nay, tuy nhién theo Kim va
cong su [12] khi sir dung Graphene oxit (GO) két
hop molybdenum disulfide (MoS2) tao thanh cac
tam nanocompozit GO-MoS; trén chat nén trong
sudt co thé diét vi khuan Gram (-), E. coli & qui
mo thyc té. Co ché dua ra 1a do vat liéu da ting
cuong kha nang oxy hda glutathione va taing mot
phan d6 din dién. Tuy nhién, vat lidu ché tao co
tiém ning Gmg dung diét khuan trong khong khi
ca trong nha va ngoai troi do ¢ thé bam dinh
duogc ca trén tudong xi mang, thach cao. Ngoai ra,
dinh huéng ng dung vat liéu la dung dang
huyén phil phun trén bé mit tryc tiép khong tron
v6i cac dung dich son.

Bang 5. Két qua diét vi khuan, ndm cua dung dich HA/N-TiO2 & quy mé thuc té

) Phuong phap Két qua (CFU/m?)
TT Thong so phan tich Truéc khi sir dung dung dich thir Sau 30 ngay sir dung dung dich thir
vi sinh vat nghiém va son thuong mai nghi¢ém va son thuong mai
Tl T3 Tlw T2 T3m
1 Vi khuan TCVN 6 6 6 6 5 5
Gram (-) 12974:2020 2,3x10 2,66x10 2,4x10 2,1x10 1,27x10 5,5x10
2 Vi khuén TCVN 4884- s 5 5 s 4 5
Gram (+) 1:2015 6,5x10 5,8x10 6,25x10 6,33x10 1,3x10 1,21x10
8 | Baotwnam | TCVN8275- | 5og105 | 11x105 | 1,18x105 | 55x105 | 113x10% | 1,27x10*
moc 1:2010

Chu thich: T1: mau tuong khong son; T2: mau tuong sir dung son nano HA/N TiOy;
T3: mau tuong st dung san pham son thuong mai.

* Trawdn BN phiim
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Hinh 5. So sanh két qua diét V,i khuén cua dung dich HA/N-TiO; va dung dich dang son
ctia Nhat Ban ¢ quy mé thuc t€ (VT1; VT2, VT3 - vi tri 1,2,3 twong (g & mép trai, phai
va gitta khu vyc lay mau; DT 1a mau cia dé tai; NB 1a mau son ciia Nhat Ban).
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4. Két ludn

Vit liéu HA/N-TiO, dang dung dich duoc
tong hop qua 2 giai doan: tong hop bot nano
N-TiO; va tong hop bdt nanocomposite
HA/N-TiO2 ¢6 tinh 6n dinh, ¢6 cdu tric tinh thé
ro nét, déng déu, kich thuéc 10-30 nm. Thanh
phan HA xuét hién trong ciu tric cua tinh thé
TiO,, két lang tét nhét trong khoang 3 — 6 gid.

O qui mo phong thi nghiém, kha ning diét
khuan ctia gach men c6 phu dung dich HA/N-
TiO2 cho hiéu qua 0 rét. Sé lugng vi sinh vét da
giam tir 100 xuéng con 53,6; 27,3 va 4,0% tuong
mg sau 1, 3 va 6 gid chiéu sang bang dén huynh
quang 20W. Sau 9 gid vi sinh vat thir nghiém da
bi diét hoan toan. O qui mé thyc té, sé luong vi
khuén bj tiéu diét khi str dung dung dich HA/N
TiO2 phun phu bé mat giam dang ké so Vi sb
lwong vi khuan, mdc trén bé mit tuong khong
duogc phu, dat cao hon khoang 20% sau 30 ngay.

Lo1i cam on

Céc tac gia xin tran trong cam on D& tai
thugc Chuong trinh nghién ctru phat trién
san phdm thuwong mai cdp Vién Han lam
Khoa hoc va Coéng nghé Viét Nam, ma )
UDSPTM.03/22-23 di hd trg nghién ciru.
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