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NGHIEN CU'U CHE TAO SON KHANG KHUAN
TU VAT LIEU NANOCOMPOSITE ZnO/PORPHYRIN
DUA TREN PHAN NG QUANG XUC TAC

RESEARCH ON MANUFACTURING ANTIBACTERIAL PAINT
FROM NANOCOMPOSITE ZnO/ PORPHYRIN MATERIALS BASED ON PHOTOCATALYST REACTION
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TOM TAT

Hién nay, cac loai son khang khudn c6 gia rét cao do sir dung vat liéu
nano bac, hodc hiéu qué thap do sir dung nano Ti0; chi cd thé si dung tia
UV (chiém 5% lugng anh sdng kha kién). Cac loai son sir dung hoat chat
khang khudn tir nguon nguyén liéu thién nhién (polyphenol, isoprenoid,
tinh dau, cdc khdng sinh tu nhién) lai cd thai gian st dung qua ngan, khong
phu hgp dé ing dung trong son (thdi gian st dung ca son thutng t6i thiéu
5 ndm). Do d, nhdm nghién ctu ché tao vat liéu nanocomposite
Zn0/porphyrin ¢6 hoat tinh khang khuan cao, gia thanh thap, thai gian st
dung dai va ting dung trong son khang khuan.

Tirkhéa: Zn0/porphyrin nanocomposite, son khdng khudn, nano Ti0,.

ABSTRACT

Currently, antibacterial paints have very high prices due to the use of
expensive nano silver materials, or are low effective due to the use of nano
Ti0, which can only use UV rays (accounting for 5% of visible light). Paints that
use antibacterial active ingredients from natural raw materials (polyphenols,
isoprenoids, essential oils, natural antibiotics) have too short a shelf life and
are not suitable for application in paint (use time). Use of wall paint for at least
5 years). Therefore, the group proposed to research and manufacture
In0/porphyrin nanocomposite materials with high antibacterial activity, low
price, long usage time and application in antibacterial paint.

Keywords: Zn0/porphyrin nanocomposite, antibacterial paint, nano Ti0,.
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1. MG PAU

Chat lugng méi truong khéng khi tai Viét Nam noi
chung dang rai vao tinh trang dang bdo dong. Theo nhu
théng ké clia T8 chuc Y té thé gigi (WHO), trong mbi nam
c6 tGi 7 triéu ca t vong sém do phoi nhiém vaéi su 6
nhiém khong khi. Trong dé bui min PM2.5 chinh la
nguyén nhan chu yéu vai loai bui siéu min nay c6 thé di
sau vao trong co thé ngusi. Theo udc tinh cla Vién
nghién ctu anh hudng suc khée, thi cir 10 ngudi c6 9
ngudi hit thé khong khi co chda bui PM2.5 v6i néng do
cao hon 10ug/m?3. Hién nay, tai nhiéu tinh, thanh phé co
lugng bui PM2.5 déu vugt muc cho phép theo QCVN
05:2021/BTNMT

Virus, vi khudn xuat hién ngay cang nhiéu cong thém
nhu cau cham séc stic khoé ngay cang tang cao, son
khang khudn Ia loai son dang dugc quan tam, nghién
clu trong viéc Ung dung vao thuc tién. Vi dong son
nay, ta ¢ thé ap dung trong cac co s& cham séc y té va
cd nha dan.

Hién nay, cac loai son khang khudn cé gia rat cao do
st dung vat liéu nano bac dat do, hodc hiéu qua thap do
st dung nano TiO, chi c6 thé st dung tia UV (chiém 5%
lugng anh sang kha kién). Cac loai son st dung hoat chat
khang khudn ti nguén nguyén liéu thién nhién
(polyphenol, isoprenoid, tinh dau, cac khang sinh tu
nhién) lai c6 thaoi gian sir dung qua ngén, khéng phu hop
dé iing dung trong son (thai gian sit dung clia son tudng
tGi thi€u 5 nam).

Do d6, nhdom nghién ctu tién hanh ché tao vat liéu
nanocomposite ZnO/porphyrin c6 hoat tinh khang khuan
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cao, gia thanh thap, thai gian st dung dai va tng dung
trong son khang khuan.

Hoat chat khang khudn dua trén co ché tiéu diét vi
khuan truc ti€p thudng co gia thanh cao, tudi tho ngén
do cac hoat chat dugc khuéch tan dan 1én bé mat I6p son
dé tiéu diét vi khudn va mat dan theo thai gian.

Hoat chat khang khudn dua trén co ché phéan ung
quang xuc tac thudng st dung cac xuc tac quang phé bién
nhu TiO,. Ca ché nay tan dung nang lugng anh sang dé
kich hoat cac electron trong vat liéu xuc tac, chuyén tu
vlng hda tri Ién vung dan. Vi vdy, & viing hoa tri sé ton tai
céc 16 tréng (hole) mang dién tich duang (h+) va & viing
dan sé ton tai cac electron tu do mang dién tich am (e-).
Cap electron-16 tréng nay sé tham gia vao cac phan ting oxi
hoa khti, hinh thanh nén cac géc tu do hoat déng manh
mé, déng vai trd tiéu diét vi khudn. Nhugc diém cutia hoat
chat TiO, la nang lugng viing cdm (ndng lugng can thiét dé
kich hoat cac electron) 16n, do d6 vat liéu chi s&r dung dugc
anh sang UV (chiém 5% trong anh sang mat trgi). Vi vay,
hiéu qua st dung cua vat liéu TiO, thap va it dugc tng
dung cho san khang khuan. Tuy nhién, uu diém clia cd ché
nay la tudi tho ctia san khang khuan rat cao vi xuc tac gan
nhu khong bi mat di trong qua trinh hoat dong.

Nano ZnO dugc biét dén nhu moét hoat chat khang
khuén theo co ché tiéu diét vi khuan truc ti€p (mac du
hiéu qud khong cao nhu nano bac nhung c6 gia thanh ré
hon nhiéu), va déng thai déng vai tro lam xic tac quang
tuong tu nhu TiO,. Phan I6n céac loai dong vat va thuc vat
ton tai trén trai dat 1a két qua cia mot ho hgp chat goi la
porphyrin, thudng dugc st dung trong cac qua trinh nhu
hap thu anh sang, van chuyén khi, va xuc tac. Ldy cdm
hing tu dé, rat nhiéu céng nghé s dung clorin va
porphyrin téng hop d€ mé phéng qua trinh quang hap,
doi hoi cac phan tir véi cac tinh chat quang va oxi héa khi
da dang. Ngoai ra, vat liéu trén co s& porphyrin, do dé
dang téng hop vai nhiéu chic ning da dang cta hé
porphyrin oxi hda, cling nhu cé céc tinh chat ly hoa dac
trung da dugc st dung rong rai cho muc dich nay.

Két hgp hai yéu to6 nay, nhdm tac gid dat van dé
nghién ciu ché tao vat liéu lai nanocomposite
ZnO/porphyrin lam hoat chat khang khuan trén co ché
xuc tdc quang cho son khang khudn than thién moi
truong, co6 gia thanh thap va hiéu qua sir dung cao.

2. THUC NGHIEM
2.1. Héa chat va vat liéu st dung trong nghién ciu

- Loai porphyrin dugc st dung trong du an nay la
Tetrakis(4-carboxyphenyl) porphyrin (TCPP) dugc mua tu
hang Shanghai Macklin Biochemical Company.

Vol. 60 - No. 11 (Nov 2024)

- Dung dich amoniac, Zn- (CH;COO0),.2H.O (99%),
hexamethylene tetramine (CsHi:N4, 99%), hydrochloric
acid (HCl, 99%), sodium hydroxide (NaOH, 99%), ethanol
(99%), and NaClO (99%) déu sir dung cla hang Xilong
Chemicals (Trung Quéc).

2.2. Ché tao vat liéu va son

2.2.1. Téng hop vit liéu nano ZnO

Quy trinh téng hgp nano ZnO dugc dp dung ti moét
nghién cdu trudc day. Chi tiét nhu sau: 2,19g kém axetat
(0,012mol) va 0,7g hexametylen tetramin (0,005mol)
dugc hoa tan trong 100mL nudc cat hai lan bang may
khudy tur. D6 pH ctia dung dich dugc diéu chinh vé 8 bang
cach s dung dung dich amoniac. Dung dich thu dugc
dugc d6 vao nodi hap va trdi qua qua trinh thay nhiét trong
24 gid & nhiét d6 150°C. Két tda duoc loc chan khéng, sau
dé rira ky bang nudc va lam khé qua dém trong tu say.
Cac hat nano ZnO thu dugc bang cach nung bot khé &
400°C trong 3 gid trong khi N..

2.2.2. Téng hop vit
ZnO/porphyrin (ZnO/TCPP)

Composite soi nano ZnO/TCPP dugc téng hop bang
phuong phap tu l3p rap tai két tha (self-assembly). Dung
dich porphyrin thu dugc bang cach hoa tan 8mg tién chat
TCPP trong 2mL NaOH 0,2M. Nano ZnO dugc thém vao
dung dich TCPP véi ty 16 TCPP/ZnO la 1:15. Cac dung dich
hén hgp dugc phan tén trong bé ria siéu am trong 20
phut dé thu dugc hén hgp ZnO / TCPP déng nhat. Sau do,
0,1M HCl da dugc thém tiing giot va khudy lién tuc dé thu
dugc dung dich c6 pH = 7. Két tia dugc thu nhan bang
cach ly tam, rlra bang nudc cat, va sau dé dugc lam kho
hoan toan.

liéeu nanocomposite

2.3. Cac phuong phap nghién ctitu dac trung vat liéu

Hinh thai vat liéu dugc nghién cdu qua anh kinh hién
vi dién tir quét (SEM) trén may Hitachi S-4600, Nhat Ban.
Két qué chup dugc thé hién & hinh 1.

Hinh thai cGia cac hat nano ZnO, sgi nano TCPP tén tai
tu do va sgi nano ZnO / TCPP da dugc quan sat bang cach
st dung SEM, va cac hinh anh dugc thé hién trong hinh 1.
ZnO c6 dang hat déu ddn vai duang kinh trung binh xap
xi 35 = 5nm nhu quan sat trong hinh1a. TCPP tu do ¢é cau
tric mot chiéu véi duong kinh khoang 40nm va chiéu dai
vai micromet (hinh 1b). Khi cac sgi nano TCPP don phan
dugc 13p rap trén bé mat cta ZnO, hinh thai ctia ching
dugc duy tri va dugc tich hop tét véi cac hat nano ZnO
trong hén hop (hinh 1c). Hinh anh hién vi dién td truyén
qua (TEM) (hinh1d) khdng dinh thém su hinh thanh cuta
composite sgi nano ZnO/TCPP.
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Hinh 1. Anh SEM cia (a) hat nano ZnO, (b) soi nano TCPP duc lap rép tu
do, (c) &nh SEM, va (d) anh TEM clia hdn hgp sgi Zn0 / TCPP

C4u truc vat liéu téng hop dugc nghién cliu qua phé
nhiéu xa tia X (XRD), dugc do trén may X'Pert PRO
PANalytical (Malvern, Ha Lan) c6 nguén buic xa Cu Ka
0,15405nm. Két qua do XRD dugc thé hién & hinh 2.
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Hinh 2. Phd nhiéu xa tia X cGa vat liéu nano Zn0/TCPP

Do két tinh clia cac vat liéu trong vat liéu téng hop
sgi nano ZnO/TCPP dugc khao sat bang cach s dung
phé nhiéu xa tia X (XRD), va dang nhiéu xa dugc trinh
bay trong hinh 2. Mau XRD ctia hén hop cho thay cac
dinh nhiéu xa 6 goc 20 = 32; 35; 36,7; 48; 56,2; 63; 66,7;
67,8; 69; 72,5 va 78,2° tuong Ung vdi cac mat phang
(100), (002), (101), (102), (110), (103), (200), (112), (201),
(004), and (202) cua tinh thé ZnO dang wurtzite (pattern
s6 00-036-1451). Cong thuc Debye - Scherrer dugc si
dung dé tinh kich thudc trung binh cla cac hat nano
ZnO dua trén vi tri va chiéu réng peak. Kich thudc trung
binh dugc tinh todn cta cac hat nano ZnO la khoang 34
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nm, tuang quan véi kich thudc trung binh quan sat dugc
trong anh SEM. Ngoai ra, mau XRD ctia hén hgp chia cac
dinh nhiéu xa cudng d6 cao & khoang 33 va 59° (dugc
biéu thi bang dau hoa thi), dugc cho la do cac sgi nano
TCPP, cho thdy rang TCPP t6ng hgp la tinh thé. Nhing
két qua nay cang ching minh su tich hgp hiéu qua cda
cac hat nano ZnO trong ma tran sgi nano TCPP. D6 két
tinh va kich thudc cia té hgp sgi nano ZnO/TCPP khéng
bi thay d6i sau qua trinh té hgp.
2.4. Nghién ctu hoat tinh khang khuan cia vat liéu
ché tao

Chuing vi khudn (E. coli) dugc hoat héa trudc & 37°C
trong 24 gid trong moi trudng MHA. Dia gidy, tiét trung
duong kinh 6mm, 1mg vat liéu dugc dat 1én bé mat thach
chdra sén huyén dich vi khudn néng d6 108CFU/ml. Sau d6
dem nudi & trong 24 gid. Mot mau trong bong t6i va mot
mau dugc chiéu sang dudi anh sang mat troi moé phéng
bang dén xenon 300W. Kich thudc vong khang khuan (D)
chinh 1a khodng ma vi sinh vat khong thé phat trién dugc.
Kich thudc vong khang khuan cang 16n thi kha nang
khang khuan clia vat liéu cang cao va ngugc lai. Hoat tinh
Uc ché khuan dugc danh gia bang cach do ban kinh (BK)
vong Uc ché vi sinh vat bang céng thic:

BK=D-d (mm)

Trong dé: D: dudng kinh vong vé khuan; d: dudng kinh
dia gidy tiét trung.

Két qua nghién ctu hoat tinh khang khuan dugc thé
hién trén bang 1.

Bang 1. Két qua nghién c(tu kha nang khang khudn clia nanocomposite
In0/porphyrin

Mau d6i chiing (khdng ¢6 M3u chira
hoat chat khang khuan) In0/porphyrin

Khéng ¢o
anhsang

Chiéu sang
deén xenon
300W

Tap60-S011(11/2024)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

Két qua ti bang 1 cho thdy, nanocomposite
ZnO/porphyrin c6 hoat tinh khang khuan thap trong diéu
kien khong c6 anh sang. Vong tron khang khuan cé
dudng kinh 1,3cm. Biéu nay dugc giai thich do su c6 mat
cla hoat chat khang khudn nano ZnO, c6 kha nang pha
v& mang té bao va tiéu diét vi khuan truc ti€p. Khi dugc
chiéu sang dudi anh sang mat tréi moé phong, vong tron
khiang khudn dugc gia tang dang k&, dudng kinh vong
tron khang khudn tang 1én 3,5cm. K&t qua nay cho thdy
co ché quang xuc tac cda vat liéu nanocomposite
ZnO/porphyrin dugc kich hoat khi c6 diéu kién anh sang
tu den xenon.

2.5. Ché tao son khang khuan

Quy trinh ché tao son khdng khudn duoc thuc hién theo
quy trinh sau:

Buéc 1: Chuan bi va can cac nguyén liéu dé lam son
khang khuén: nhua, bét da, pha bot, chat bao quan, phu
gia chéng thoi, chat tao mang, nanocomposite
Zn/porphyrin (dugc pha & cacty 1é 1, 2, 3,4 va 5%).

Bu'éc 2: Cho cac nguyén liéu vao may khudy duy tri toc
dé may khudy 1800 vong/phut dén khi cho hét nguyén
liéu vao va duy tri trong thai gian 30 phut.

=

Hinh 3. Khudy cac nguyén liéu

Budc 3: Tién hanh do dac cac thong s6

Hinh 4. Tién hanh do cac thong so
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Ddnh gid chdt lugng son khdng khudn
e Xac dinh ty trong (ASTM D 1475-08)

e Xac dinh do nhét KU bang may do (JIS K 5600-
1999(STM2A)

e Xac dinh @6 min (ASTM D 1210-10)
e Xac dinh d6 bong (ASTM D 523-08)
o Xac dinh d6 bam dinh nén (TCVN 9349:2012)

Bang 2. Két qua chat lugng son clia cdc mau thir nghiém

Théngsé [Mau ddi{Mau 1%|Mau 2%| Mau 3% | Mau 4% | Mau 5%
ching
Domin (um)|[ 5 5 5 5 5 5

Titong | 1,96 | 115 | 106 | 117 | 1,16 | 1,17
(g/cm?)

Do bong (GU)| 82,5 | 803 | 79,9 79,7 79,3 79,3

Dobamdinh| 4,5 4,6 45 4,6 45 4,6
(MPA)

Ddnhét (KU)| 1103 [ 111 109,7 | 109,9 110

K&t qua danh gia cac chi tiéu chat lugng clia cac mau
son thi nghiém dugc thé hién trén bang 2. Bang chi tiéu
danh gia 5 mau son thi nghiém khi pha thém
nanocomposite ZnO/porphyrin véi cac ty 1é tir 1 - 5% khoi
lugng cho thay khi pha thém vat liéu néi trén, cac chi tiéu
chat lugng ctia son khong thay déi nhiéu. Duy nhat cé chi
tiéu d6 béng clia son cé xu hudng gidm, tuy nhién su suy
gidm do6 bong la khong dang ké va khéng anh hudng dén
chat lugng son siéu béng (d6 béng > 60).

110,2

Hinh 5. M&u son ché tao dugc
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3. KET LUAN

Qua qua trinh nghién ctu, nhom téc gia da téng hop
thanh cong vat liéu nanocomposite ZnO/porphyrin cé
kich thudc ¢& 35nm. Vat liéu téng hop dugc c6 hoat tinh
khidng khuan cao, dac biét trong diéu kién dugc chiéu
sang. Diéu nay khang dinh dugc kha nang khang khuén
bang co ché xuc tac quang. Ché tao thi nghiém mau son
khang khudn dua trén céng thic sadn xuat son ndi that
siéu bong ctia Cong ty C6 phan Sobek. Cac mau son thir
nghiém dugc nghién ctu danh gia chat lugng. Két qua
cho thdy mau son khang khuén van gilt nguyén dugc cac
chi tiéu chat lugng cia mau son nguyén ban.
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